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ORIGINAL ARTICLES 


EFFECT OF AUREOMYCIN TREATMENT OF STREPTOCOCCAL 
SORE THROAT ON THE STREPTOCOCCAL CARRIER STATE, 
THE IMMUNOLOGIC RESPONSE OF THE HOST, AND 
THE INCIDENCE OF ACUTE RHEUMATIC FEVER 


By Haro_p B. Houser, Mayor, MC, AUS,* GEorGE C. EcKHarRPT, Capt., MC, AUS, 
EpwarpD O. HAHN, Major, MC, AUS,+ Floyp W. DENNY, Major, MC, AUS,t 
Lewis W. WANNAMAKER, CAPT., MC, AUS,{ AND CHARLES H. 
RAMMELKAMP, Jr., M.D. 

Cleveland 


T THE present time three antibiotics, penicillin, aareomycin** and terramycin have 
been shown to be equally effective in controlling the symptoms and signs of acute 
streptococcal tonsillitis and pharyngitis. * Of primary concern in determining the choice 
of drug for treatment of such infections is the effect of therapy on the incidence of the 
nonsuppurative complications: acute rhcumatic fever and acute glomerulonephritis. The 
treatment of streptococcal infections with penicillin results in a marked decrease in the 
incidence of rheumatic fever*® and acute nephritis.* The present report describes the effect 
of three different dosage schedules of aureomycin on the streptococcal carrier state, the im- 
munologic response of the host, and the incidence of rheumatic fever in a controlled series 
of 2,044 patients with exudative tonsillitis or pharyngitis. 





From the Streptococcal Disease Laboratory, Francis E. Warren Air Force Base, Wyo., and the De- 
partment of Preventive Medicine, School of Medicine, Western Reserve University, Cleveland. 

This investigation was conducted under the sponsorship of the Commission on Acute Respiratory 
Diseases and the Commission on Streptococcal Diseases, Armed Forces Epidemiological Board, and 
was supported by the Offices of The Surgeons General, Departments of the Army and Air Force, 
Washington, D.C. 

(Received for publication July 28, 1953.) 

* Present address: Department of Medicine, State University of New York, College of Medicine 
at Syracuse, N.Y. 

+ Present address: Cleveland City Hospital, Cleveland. 

t Present address: Department of Pediatrics, University of Minnesota Medical School, Minneapolis. 

** The aureomycin used in this study was supplied by Stanton M. Hardy, M.D., Medical Director, 
Lederle Laboratories Division, American Cyanamid Company, New York City. 
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METHODS AND DESCRIPTION OF STUDY 


The methods of selection of patients and of the routine clinical and laboratory studies were the 
same as those previously employed.’ Only hospitalized patients who had exudative lesions on their 
tonsils or pharynx were included in the study group. Historical information, physical examination, and 
laboratory studies were accomplished in a standard manner, both at the time of admission for the 
respiratory illness and at the time of a follow-up examination 3 to 5 wk. later. The criteria for the 
diagnosis of rheumatic fever were those of Jones® with slight modifications.* 

The treated patients, selected by air force serial number, received aureomycin according to 1 of 3 
treatment schedules. The control group of patients received no specific therapy. The distribution of 
cases according to the three dosage schedules used is recorded in table 1. During the time periods 
covered by schedules I and IIIa, another study* was in progress, which required the selection of all 
patients who had pharyngeal or tonsillar exudate and who had been ill less than 30 hr. and whose 
WBC count was 10 thousand/cm. or above. Thus only those patients with exudative tonsillitis or 
pharyngitis who failed to meet these criteria were included in the 2 schedules. I and IIIa. Schedules 


TABLE 1 


DISTRIBUTION OF CASES OF EXUDATIVE PHARYNGITIS AND 
TONSILLITIS ACCORDING TO TREATMENT 








No. of cases 








Aureomycin dosage Inclusive dates Saal Totals 
Treated Untreated 
I. 0.1 gm. 1 stat Feb. 23, 1950- 108 112 220 
0.5 gm. q/4hX5 Mar. 22, 1950 


0.25 gm. q/4hX30 
Total dose—11 gm. over 6 
day period 


II. 1.0 gm. stat Nov. 14, 1950- 622 624 1246 
0.5 gm. q/6hX19 Mar. 9, 1951 
Total dose—10.5 gm. over 
5 day period 


III. 1.0 gm. stat 
0.5 gm. q/4hX5 
0.25 gm. q/4hX18 
Total dose—8.0 gm. over 




















4 day period 
a“ Mar. 23, 1950- 59 76 
Apr. 17, 1950 578 
b.* Apr. 18, 1950- 220 223 
Nov. 14, 1950 
Totals 1009 1035 2044t 
* See text. 


t+ Fifty-nine additional patients with exudative lesions were treated by the attending ward physician 
with either aureomycin or penicillin. These patients were not included in the analysis since the thera- 
peutic regimen varied and severity of illness or the presence of a suppurative complication was the 
selective factor in initiation of treatment. One patient developed rheumatic fever from this group after 
receiving aureomycin for treatment of a sinusitis occurring 12 days after the onset of exudative pharyn- 
gitis. In addition 2 patients had rheumatic fever at the time they were admitted with a diagnosis of 
exudative tonsillitis. They have been excluded from the analysis. 
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TABLE 2 


COMPARABILITY OF GROUPS OF PATIENTS IN EACH TREATMENT SCHEDULE 






































Schedule 
I Il III (a and b) 
Treated | Control || Treated | Control || Treated | Control 
per cent | per cent || per cent | per cent | per cent | per cent 
Age 17-20 yr. 72.5 71.4 69.0 70.7 || 70.9 73.9 
Previous history of: 
Rheumatic fever 0.0 0.9 1.4 1.4 1.8 0.7 
Heart murmur Mie ye | 1.9 2.6 2.6 3.8 
Tonsillectomy 25.7 29.5 35.0 32.9 24.5 29.4 
Laboratory results on admission 
Leucocyte count 12,000/cmm. or 
over 49.0 42.7 69.5 72.6 60.2 53.8 
Group A streptococci 63.9 75.0 a9.3 79.6 79.9 78.9 
Type 1 0.0 0.0 4 12.4 4.0 2:1 
5 7.1 2.4 12.6 15.4 5.4 3.4 
6 1.4 3.6 6.5 4.7 4.9 1.3 
12 8.5 4.8 1.8 0.6 1.3 2.4 
14 61.4 64.3 57.5 55.8 64.1 65.1 
24 12.9 15.3 0.8 0.6 8.5 11.9 
Other types 8.7 9.4 9.7 10.6 11.8 14.1 
Antistreptolysin— 
125 units or less 69.4 69.3 y 9 yf 70.1 71.4 70.1 
Onset of illness to beginning of treat- 
ment 
Less than 24 hr. 6.4 27.2 24.0 
24-47 hr. 38.5 40.5 43.8 
48-71 hr. 22.0 16.2 > 3 A 
Greater than 71 hr. 33.4 13.0 10.7 
Unknown 0.0 S.A 0.4 
Follow-up examination 3-5 wk. af- 
ter onset 80.7 83.0 | 88.7 89.6 89.6 86.3 











II and IIIb included all patients admitted to the hospital with exudative tonsillitis or pharyngitis 
during the period of time covered by these schedules. 

The treated and untreated groups within each treatment schedule appeared to be comparable (table 
2), although differences between treatment schedules did occur. Treatment was initiated later during 
schedule I than during schedules II and III. This difference was the result of the manner of selection 
of the patients as pointed out previously. That this selection resulted in relatively fewer streptococcal 
infections ,in schedule I and to a certain extent in schedule III is indicated by (1) the smaller per- 
centage of patients harboring group A streptococci on admission during schedule I and (2) an in- 
crease in the antistreptolysin ‘‘O’’* titer of paired sera from the untreated patients of schedules 
I and III of 60% and 63%, respectively, compared to a 74% increase in schedule II. 


RESULTS 


Effect of Aureomycin on Group A Streptococci: The effect of the various dosages of 
aureomycin on group A streptococci is summarized in table 3. Aureomycin therapy resulted 


* Antistreptolysin “‘O" will be referred to as antistreptolysin or antibody for the remainder of 
this report. 





o nnd” 
amend 
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TABLE 3 


EFFECT OF THREE DIFFERENT SCHEDULES OF AUREOMYCIN ON 
INFECTING TyPE OF Group A STREPTOCOCCUS* 








No. of patients Same type 2 New type at 
| with “typable” | follow-up | Per reat follow-up 
Schedule | group A examination | teduction examination 
| streptococcus } 57 ee Tae ; See 
| on admission ] No. Per cent | by treatment | No. | Per cent 
Control | 78 :  S 70.5 7 8.9 
I | | 52.0 
Treated 65 | 22 33.8 3 4.6 
Control | 460 || 266 57.8 | 49 10.7 
II | || 42.6 
Treated 458 ee. 33 ..2 | 4 | 50 | 10.9 
Control 208 | 137 | 65.9 | | 14 6.7 
Ill | | | | 39.5 
Treated | 198 ; | we] 5 2.5 


* This table includes only those patients who had typable group A streptococci isolated from their 
admission throat culture. 


in a reduction of carriers of group A streptococci. This reduction was greatest in schedule 
I, the schedule with the largest total dose and longest duration of therapy. The presence 
of a new type of streptococcus at the time of follow-up examination occurred with equal 
frequency in the treated and control patients of schedule II. During schedules I and III 
the treated patients had fewer acquisitions of a new type than did the untreated patients. 

Effect of Aureomycin on Antistreptolysin Formation: Antistreptolysin production was 
less in those individuals who received aureomycin than in the control groups. Patients 
receiving therapy according to schedule I showed the smallest increase of antistreptolysin 
when compared to the control group. Treated patients in schedule II in turn demonstrated 
less increase in antibody than patients in schedule III. Since the degree of decreased 
formation of antibody in the patients who received aureomycin was in the same direction 
as the decrease in the streptococcal carrier rate, the data were analyzed to determine the 
effect of persistence of the infecting type of streptococcus on the antistreptolysin response 
(table 4). 

When the infecting organism was eradicated by treatment, as demonstrated by the 
follow-up culture, a 51.7% reduction in antibody titer was observed. In contrast, there 
was only a 14.4% reduction in antibody titer among those treated patients showing per- 
sistence of the infecting organism. Those treated patients who acquired a new type of 
streptococcus had a reduction of antibody approximately midway between the two former 
groups. In the combined treated group the mean increase of antistreptolysin was reduced 
by 35.7% when compared to the untreated group. 

The effect of eradication of the infecting organism on the antistreptolysin response 
is also shown when, within the treated groups, those patients with persistence of the 
infecting type of streptococcus are compared to those in whom it was eradicated. The 
mean of the antistreptolysin titer was 3.75 dilution increments among the former group 
compared to only a 1.9 increase among those patients from whom streptococci were not 
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TABLE 4 


EFFeEct OF 3 DIFFERENT SCHEDULES OF AUREOMYCIN ON MEAN INCREASE OF 
ANTISTREPTOLYSIN IN RELATION TO PRESENCE OR ABSENCE OF GrouP A 
STREPTOCOCCI AT TIME OF FOLLOW-UP EXAMINATION* 






































Treated | Control Per cent | 
Follow-up , SORT ROTY Aas aL Roe reduction | 
cultures | Schedule No. of | Mean AsL| No. of | Mean ASL] by treat- | value 
patients | increaset | patients | increase ment | 
Pee. = fans St ES ee ee en | 
Positive for in- | I 22 | 2.5 | 49 | 2.9 | 35.9 .048 
fecting serologic | II | ee) ee ee 12.8 047 
type ie Re eT ae | 4.0 5.0 8 
IIIb | 60 3.4 103 4.0 15.0 BB 
Total | 244 3.75 | 427 | 4.38 | 14.4 |  .005 
Negative ge ew: } Sa | 9 4.4 | 45.5 | .045 
II 221 2.0 109 4.2 | $2.4 < .0001 
IIIa 24 1.3 7 2.4 | 45.8 3 
IIIb > ena eis | 26 3.3 48.5 .0024 
Total 344 i 151 4.0 51.7. | <.0001 
Positive for new | Total 65 3.0 82 4.2 28.6 | .0098 
serologic type | | 
Total 653 ye 660 4.2 35.7 <10-* 





* All individuals included in this table had a typable group A streptococcus isolated on admission 
to study and convalescent serum obtained 14 to 34 days after onset of infection. 

+ Figures for mean value of antistreptolysin (ASL) increase indicate mean dilution increments dif- 
ference between acute and convalescent titers. One dilution increment is difference between any 2 suc- 
cessive titers of antistreptolysin. 


isolated at follow-up. This represents a 49% decrease in antibody formation within the 
treated group when the organism is eradicated. 

In this study, delay in treatment up to 72 hours after the onset of respiratory symptoms 
did not appear to affect the magnitude of antibody response. That early initiation of treat- 


TABLE 5 


NUMBER OF PATIENTS DEVELOPING NONSUPPURATIVE SEQUELAE DURING 
3 DIFFERENT AUREOMYCIN TREATMENT SCHEDULES 





| Treatment Schedule | 
Classification I | II | i id Lisa tees wacMeal ee 


| me cage ee BT ERNIE we 
| Treated | Control | Treated | Control | Treated | Control Treated | Control | Total 











| (108) | (112) | (622) | (624) | (279) | (299) | (1009) | (1034) | (2044) 
Definite rheumatic fever 1 | 0 | 12 | 21 3 | 5 | 16 26 | 42 
Possible rheumatic fever oe 0 3 | 3 1 0 4 3 7 
Other* (joint symptoms or signs) | 2 | 1 re ie 6 | 5 2? | | 35 
Totals fee: 1 26 $4). | Bae 49 30 4s | 8 





* Exclusive of 1st 2 diagnostic categories. 











TABLE 6 


NONSUPPURATIVE SEQUELAE DEVELOPING 








Exudative Tonsillitis . ili | 





















































| | | Acute 
| —— —— - —— - — — 
PE | | | Antistreptolysin << ¢ Admission History Physical 
ES | Case | Age WBC | Throat} to f as i 
$s | | —- | + | Acute | COD- Tube} cul- RF Cul- | ASL | Fam- | Rheu- | Heart im. e 
BE? | | 1000 | “titer | val. in- ture | (days) peas } titer il matic | mur- 
| titer | crease} | y fever | mur | P | Ee 
1 | R8t| 20-| Yes | 16 | 83.3 | 125| 2 | Ata | 45 o | 159 ] 0 ae oi = | - | 
| 
ig Pe aS 
Ir | R125 20 0 | 28 i 83.3) 833 | 10 A-14 11 A-14 833 0 0 0 + 0 Fis 
R149 20 0 12 50 400 | 9 A-5 11 A-5 200 0 0 0 + 0 0 
R192 21 13 <50 317 9 A-14 13 A-14 317 ? 0 0 + 0 0 
R200 20 0 NK 59 625 6 A-14 14 A-14 625 0 0 0 0 0 0 
R160 20 0 13 83.3) 400 7 A-14 14 A-14 400 0 0 0 0 0 0 
R202 21 0 13 50 250 7 A-14 15 0 250 0 0 0 + 0 0 
R263 19 0 9 <50 1250 15 0 16 A-1 1250 0 0 0 + 0 + 
R136 21 0 12 <50 317 9 A-14 16 A-14 250 0 0 0 + 0 
R176 18 0 9 100 250 + A-18 17 0 317 0 0 0 + 0 + 
R135 18 0 18 100 317 5 A-14 18 A-14 317 0 + + + 0 + 
R132 20 0 17 159 500 $ A-14 18 A-14 500 0 0 0 + + + 
R173 21 0 13 125 317 + A-1 19 A-1 317 + 0 0 + 0 oe 
R225 19 0 10 400 1000 4 A-14 20 A-14 1000 0 0 0 + 0 + 
R252 20 0 NK <50 200 7 A-5 20 A-5 200 0 0 0 + 0 + 
R197 18 0 26 159 500 5 A-6 20 A-6 500 0 0 0 + 0 + 
R280 21 0 19 100 159 2 A-14 21 0 159 0 0 + + 0 + 
R133 20 0 17 159 400 4 A-14 22 A-14 400. 0 0 0 + + + 
R207 20 0 10 159 1250 9 A-14 22 A-14 1250 + 0 0 + + a 
R201 19 0 14 <50 159 6 0 25 A-14 250 0 0 0 + 0 0 
R183 21 0 17 62 250 6 A-1 30 A-5 250 $ 0 0 + + + 
R305 21 0 16 125 625 7 A-5 36 A-1 833 0 0 0 + 0 + 
R286 20 0 23 159 250 2 A-14 37 A-1 250 0 0 0 + + + 
R345 21 0 10 159 125 | —1 0 65 0 625 0 0 0 + 0 + 
R354 19 0 20 125 625 7 A-14 105 0 625 0 0 0 + 0 + 
R177 19 Yes 11 100 | 200 3 0 14 A-14 300 0 0 0 + 0 + 
R174 18 Yes 15 125 | 159 1 A-NT 19 A-NT 159 0 0 0 + 0 + 
R239 20 Yes | 14 125 | 200 2 A-i4 22 A-14 250 0 + + + 0 + 
R195 20 Yes NK 125 400 5 A-14 23 A-14 400 + 0 0 + 0 + 
R282 20 Yes 19 159 400 4 A-14 28 A-14 500 0 + 0 + + + 
R316 20 Yes 14 62 250 6 A-14 36 A-6 250 0 0 0 + 0 + 
R320 19 Yes NK 100 200 3 A-5 37 A-14 500 0 0 0 + 0 0 
R304 18 Yes NK 62 250 6 A-14 39 NK 400 0 0 0 + + + 
R138 20 Yes 9 62 62 0 A-14 49 A-5 83 0 0 0 + 0 0 
R289 18 Yes 21 159 500 5 A-5 57 A-14 500 0 0 0 + + + 
R335 19 Yes 10 125 317 4 A-14 57 A-14 317 0 0 0 + + + 
R273 22 Yes 15 159 317 3 A-14 76 A-14 625 + 0 0 = + + 
R229 20 Yes 21 50 159 5 A-14 88 0 400 0 0 0 + + aa 
R366 19 Yes 11 250 250 0 0 89 A-6 500 0 0 0 + 0 0 
| 
R336 | 18 | Yes | 12 SO. | 1s 1s. | eee | 92 | S| -3871> 0 0 0 eg Ser + 
| | 
Ill Ro4 17 0 8 317 1585 7 A-24 4 A-24 1585 0 0 0 + + + 
R92 32 0 12 50 625 11 A-14 9 A-14 625 0 0 0 + + + 
R100 25 0 12 250 500 3 A-24 9 A-24 500 0 0 0 + + + 
R106 19 0 26 159 NK NK A-14 41 0 1585 0 0 0 + 0 + 
R91 19 0 14 50 317 9 A-14 42 A-NT 500 0 0 0 + 0 0 
R95 19 Yes 17 50 250 7 A-14 41 A-14 500 0 0 0 + 0 + 
R126 22 Yes 7 125 200 A-14 42 A-14 200 0 0 0 + + 
R145 21 Yes 8 125 317/ 4 A-14 42 0 500 0 0 0 + 0 + 
R143 18 Yes 11 125 317 4 A-14 46 0 400 0 0 + + 0 + 





















































Explanation: ASL: Antistreptolysin “O” titer. ‘ 
Family history: Rheumatic fever or rheumatic heart disease. 


Joints: P =pain, R =redness, T =tenderness, S=swelling, Mul =multiple involvement of joints, Mig =migratir 
Heart: MS =mitral systolic murmur, MD =mitral diastolic, AD =aortic diastolic, *=murmur considered significant. 


Sed. Rate: Maximum erythrocyte sedimentation rate: *=Westergren meth 
ECG: Maximum P-R interval recorded. 
L indicates inversion of T-wave. 
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Durinc Stupy OF AUREOMYCIN THERAPY 


TABLE 6 
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Laboratory 
Max ECG Remarks 
Sian. d WBC 
Heart | temp. | Sed. + 
rate | 1000 Pits Other 

| MS 103 110* 14 .22 0 Treated 42 hr. after onset tonsillitis. ASL continued to 
} rise after rheumatic fever admission. Transient joint 
| pains present 21 days prior to onset rheumatic fever. 

MS 100 28 27 .16 0 

0 1002 17 NK .14 Ce Oe Possible rheumatic fever. 

0 101 30 NK .23 0 

MS* 100° 23 NK “at 0 

MS 1008 45 NK .24 0 

G 1004 7 NK 15 0 Possible rheumatic fever. 

MS* 100 47 6 .19 0 

0 992 25 10 .24 0 

MS 100 22 10 .30 0 

a 100 37 19 18 0 Apical presystolic murmur present on admission. 

0 1028 35 19 .36 0 

MS* 1014 14 9 .24 LV 3-6 

0 1004 35 9 .22 0 

0 103 40 6 Be | 0 

0 100° 6 NK .19 0 Possible rheumatic fever. Epidemic pene appeared 
during observation for rheumatic fever 

0 104 37 9 637 0 

MS* 102 42 9 -30 0 

0 1012 47 9 28 0 

0 1004 30 NK .23 0 Seven days before onset rt rheumatic fever patient was 
admitted to hospital with exudative tonsillitis caused 
by type 14 streptococcus and received no treatment. 

MS* 102 49 12 0 pe 5 streptococcus isolated 19 days before onset 

block rheumatic fever. 

MS 101° 32 NK .38 0 

0 1008 25 NK 18 0 Type 1 eae isolated 4 days before onset 
rheumatic fever. 

MS* 1012 17 12 21 0 Exudative tonsillitis caused by type 14 streptococcus 21 
days before onset rheumatic fever. No treatment. 

MS* 1014 17 7 14 0 Type 1 streptococcus isolated 9 days and 2 days before 
onset rheumatic fever. 

0 1008 20 NK -16 0 Treated 30 hr. after onset exudative tonsillitis. 

0 998 16 NK -18 0 Treated 42 hr. after onset exudative tonsillitis. 

MS* 1016 30 11 .19 0 Treated 22 hr. after onset exudative tonsillitis. 

MS* 1008 40 8 .33 0 Treated 10 hr. after onset exudative tonsillitis. 

AD* 1024 20 13 .26 0 Treated 46 hr. after onset exudative tonsillitis. 

0 1002 43 NK .19 0 Treated 7 hr. after onset exudative tonsillitis. 

0 998 25 NK 18 0 Possible rheumatic fever. Nine days before onset rheu- 
matic fever had acute respiratory infection without 
exudate. ASL increased during rheumatic episode. 

MS 102 48 14 .16 0 Treated 72 hr. after onset exudative tonsillitis. 

AD* 1004 21 NK .20 0 Treated 52 hr. after onset exudative tonsillitis. 

0 1026 52 15 .24 0 Treated 24 hr. after onset exudative tonsillitis. 

0 1002 47 14 .24 0 Admitted with exudative pharyngitis 46 days before on- 
set rheumatic fever; type 14 streptococcus and 15,000 
WBC present; treated with terramycin. Twenty- 
seven days before onset rheumatic fever had sore 
throat by history 

MS* 102 40 9 .36 0 Treated 8 hr. nae: onset exudative tonsillitis. ASL in- 
creased to 625 units at the time of rheumatic fever 
onset. 

0 1006 7 14 17 0 Possible rheumatic fever. Admitted with exudative ton- 
sillitis and otitis media 26 days before onset possible 
rheumatic fever. ASL rise occurred after this admis- 

2 sion. Received penicillin for otitis media. 

0 996 20 NK 18 0 Possible rheumatic fever. Also had exudative tonsillitis 

123 days before onset rheumatic fever (treated with 
e | aureomycin, schedule II). 

MS 1008 | 43 15 .24 0 History of sore throat 8 days before onset of rheumatic 

| fever; no treatment; ASL increased after follow-up. 

Ms* 102 100* 22 32 0 Also had exudative tonsillitis 13 days prior to onset 
rheumatic fever; type 24 present on this admission; 
treated with cortisone.* 

0 100 30* 10 -18 0 

MS*-AD*; 104 112* 17 .23 L 1-4 

0 101 106* 22 .28 0 

0 101 88* 17 .34 0 ASL increased to 500 units after haa & 

MS* 101 60* 10 .26 0 Treated 39 hr. after onset exudative tonsillitis. Type 24 
streptococcus isolated 15 days before onset rheu- 
matic fever. Sore throat by history 12 days before on- 
set rheumatic fever. 

MS* 100 38* 12 .36 0 Treated 27 hr. after onset exudative tonsillitis. History 
of sore throat 31 and 17 days prior to onset rheu- 

: matic fever. 

MS* 1008 23 9 .19 0 Treated 19 hr. after onset rheumatic fever. Thirty-three 
days before onset rheumatic fever admitted with exu- 
dative tonsillitis; WBC 15,000 and 14 isolated; 
treated with aureomycin, schedule II. 

0 1002 4 14 15 0 Classified as possible rheumatic fever although symp- 

toms were thought to be psychogenic. 
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ment may be important in reducing the degree of antibody response, however, has been 
shown recently by Brock and Siegel.? 

Effect of Treatment on the Incidence of Rheumatic Fever: Nonsuppurative sequelae 
were observed in 84 of the 1,916 patients who were followed for at least three weeks. An 
illness classified as rheumatic fever or possible rheumatic fever developed in 49 patients.* 
An additional 35 patients gave a history at follow-up examination of joint pains (occa- 
sionally joint tenderness could be demonstrated) but were not found to meet other criteria 
necessary for the diagnosis of rheumatic fever. The data in table 5 show that rheumatic 
fever occurred less frequently in the treated group by a ratio of approximately 2:3. Joint 
symptoms occurred with equal frequency in the two groups. 

The characteristics of the 49 cases of acute respiratory illness and the subsequent episode 
of rheumatic fever or possible rheumatic fever are tabulated in table 6. The cases are ar- 
ranged by treatment schedule according to the time interval between the observed attack 


TABLE 7 


OccURRENCE OF STREPTOCOCCAL INFECTIONS DURING INTERVAL BETWEEN 
OBSERVED STREPTOCOCCAL INFECTION AND ONSET OF EITHER 
RHEUMATIC FEVER OR POSSIBLE RHEUMATIC FEVER 





‘ - | No. of patients with evidence of intervening infection 
nterval to iz 














: | No. of set WIGS =. Saks Ta a ERS ae 
rheumatic fever patients Sitce A a ieee Total 
(days) Bacteriologic | Serologic Historical ai ahRande 
Treated | 
_. eh Re ae 0 ee. 
36-45 7 3 4 3 6 
>45 8 4 | 3 3 7 
Control 
4-35 23 1 0 1 : 
36-45 4 3 1 0 | 3 
>45 2 | 1 1 1 | 2 


of exudative tonsillitis or pharyngitis and the onset of rheumatic fever. During the three 
schedules the time interval varied from 4 to 105 days. 

In the study of the prophylaxis of rheumatic fever by treatment of the preceding 
streptococcal infection with pencillin,® it was pointed out that individuals with long 
latent periods between their observed respiratory infection and the onset of rheumatic 
fever had, in many instances, bacteriologic, serologic or historical evidence of an inter- 
vening streptococcal infection. The number of patients in the present series with evidence 
of a streptococcal infection occurring during the period between the observed respiratory 
infection and the onset of rheumatic fever or possible rheumatic fever is presented in 
table 7. Only two patients (R-201 and R-183) whose latent period was 35 days or less 
had evidence of such intervening infections. In contrast to this, individuals whose latent 
period exceeded 35 days almost invariably gave evidence of an intervening infection. Of 
11 individuals whose latent period was from 36 to 45 days, all but two, Cases R-84 and 
R-106, presented evidence of a new streptococcal infection prior to the onset of rheumatic 


* No instances of acute nephritis were observed. 
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TABLE 8 


NONSUPPURATIVE SEQUELAE DEVELOPING WITHIN 45 Days AND WITHIN 35 Days 
AFTER ATTACK OF EXUDATIVE TONSILLITIS OR PHARYNGITIS 











| 
| No. of 























| No. of patients 
Treatment Time interval patients | Definite | Possible 
schedule observed* | rheumatic rheumatic 
| fever | fever 
Within 45 days | 
Treated | 100 1 0 
Control 102 0 0 
I 
Within 35 days | | 
| Treated 100 0 0 
| Control 102 | 0 0 
| Within 45 days | | 
Treated 581 7 1 
Control 589 19 3 
II | 
Within 35 days 
Treated 581 | 5 | 0 
Control | 589 | 17 | 3 
Within 45 days | | | 
Treated 263 3 0 
Control | 281 5 | 0 
Ill | | 
Within 35 days 
| Treated | 263 | 0 0 
| Control | 281 | 3 | 0 
| Within 45 days | | 
Treated 944 11 1 
Control 972 24 3 
Totals Within 35 days 
Treated | 944 5 0 
Control 972 20 3 


\ \ 








* Number of patients who had follow-up examination. 


fever. When the onset of rheumatic fever was more than 45 days after the observed 
respiratory infection, all the patients exhibited evidence of an intervening streptococcal in- 
fection except for Case R-143 whose diagnosis was doubtful. The possibility exists that the 
latent period was slightly prolonged in those patients treated with aureomycin who de- 
veloped rheumatic fever. When a bacteriologic relapse occurs after cessation of aureomy- 
cin therapy, the initiation of the chain of events resulting in rheumatic fever might begin 
at this point rather than at the time of onset of the streptococcal sore throat. This possi- 
bility might have operated in two treated patients (R-84 and R-106) who had no evidence 
of reinfection and whose latent period exceeded 35 days. 

Since aureomycin therapy could not be expected to prevent rheumatic fever when an 
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intervening streptococcal infection is not treated with the drug, those patients in whom 
the latent period exceeded 45 days were excluded. The distribution of the patients who 
developed nonsuppurative sequelae within 35 days and within 45 days is presented in 
table 8. Only in the control patients in schedule II did the expected incidence of rheumatic 
fever occur.* The low attack rates in the control groups of schedules I and III may be 
in part the result of both smaller numbers of patients in these two groups in contrast 
to schedule II and the inclusion of large numbers of nonstreptococcal respiratory infections 
in these two schedules. When the three schedules are combined, the data (table 8) show 
that, of 944 patients treated with aureomycin who remained at the air base until the time 
of follow-up examination, only five developed definite rheumatic fever within 35 days. 
This is in contrast to 20 cases of rheumatic fever from 972 untreated patients who con- 
tinued to reside at this base for a similar period of time. The attack rate was reduced 
from 2.06% in the controls to 0.53% in the treated patients. 

Readmissions to the Hospital: Excluding the nonsuppurative sequelae, readmissions 
to the hospital during the three weeks following the observed streptococcal infection 
occurred more frequently among the treated patients than among the untreated patients. 
A total of 44 treated patients from all three treatment schedules were readmitted with a 
diagnosis of exudative tonsillitis or pharyngitis ; the serologic type of streptococcus present 
on the initial admission was isolated from 60% of the patients with such readmissions. 
In contrast to this, 24 untreated patients were readmitted with a diagnosis of exudative 
tonsillitis or pharyngitis and only 20% had the same serologic type of organism. Thus, 
the increase in number of readmissions from the treated group was due to infection by 
the same type of streptococcus responsible for the initial illness. Among the treated 
patients the majority of the readmissions for exudative tonsillitis or pharyngitis occurred 
from 8 to 14 days after the onset of the initial respiratory illness. Among the untreated 
patients the readmissions occurred equally between the first and second week after the 
initial admission. Readmissions among the treated patients, of course, would be few 
during the first week since they were receiving therapy for the greater part of this week. 
Readmissions for suppurative complications were infrequent in both the treated and 
untreated groups since only four treated patients and 12 untreated patients returned to 
the hospital. 


COMMENTS 


The variation in the proportion of streptococcal disease among the three schedules 
and the small number of patients in schedule I make it difficult to compare directly the 
various schedules of treatment. Nevertheless, the data show that in all schedules aureo- 
mycin treatment effected a reduction both in the number of patients who continued to 
harbor streptococci and in the quantity of antibody produced. It is also shown that the 
degree of inhibition of antibody is directly related to the eradication of the infecting 
organism. When the organism is not eradicated, however, there is still a tendency for 
treatment to inhibit antibody formation although this inhibition is of a much less degree. 

When the streptococcus is not eradicated by treatment, reinfection or continued infec- 
tion with the original strain probably occurs at some point after cessation of therapy. 
That the presence of the same serologic type of streptococcus at follow-up examination 


* Experience at the Streptococcal Disease Laboratory has shown that following streptococcal exuda- 
tive tonsillitis and pharyngitis in patients who are not treated, the incidence of rheumatic fever is 
between 2 and 3%.* 
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represents reappearance of the infecting strain rather than acquisition of a new strain* 
is indicated by the observation that multiple cultures obtained from a group of patients 
treated according to schedule I showed the infecting type of streptococcus within 2 to 4 
days following cessation of therapy. In addition, readmissions to the hospital for strepto- 
coccal sore throat during the week following cessation of treatment were almost twice as 
frequent among the treated patients in all schedules as among the untreated patients. 

Among the aureomycin-treated patients the infecting type of streptococcus persisted 
in 35%, whereas, during the study in which penicillin was used for treatment,* the same 
type was isolated from 12% at the time of the follow-up examination. A different 
serologic type of organism was isolated at the follow-up examination with essentially 
equal frequency in both the aureomycin and penicillin studies. Thus the marked difference 
between the two drugs is in eradication of the streptococcus—penicillin being much more 
effective than aureomycin. 

It is possible that aureomycin might be more effective in eradicating the streptococci 
if given for longer periods of time. In the present study the longest duration of treatment 
with aureomycin, as in schedule J, resulted in the greatest reduction in the carrier rate 
for the infecting type at follow-up examination. Schedule II was slightly more effective 
than schedule III. 

The reduction of antistreptolysin formation was greater in the pencillin-treated patients 
than in the aureomycin-treated patients, although aureomycin schedules I and II compare 
favorably with the two penicillin schedules using 1,200,000 units and 600,000 units of 
depot penicillin, respectively. To determine whether this decreased formation of anti- 
body during penicillin treatment was related to the eradication of the infecting strain of 
group A streptococcus the penicillin data were re-examined. The criteria applied to the 
data from the penicillin study were those applied in the present study to the patients 
included in table 4. The results were almost identical with the data from the aureomycin 
study. That is, if the infecting type of streptococcus was present at the follow-up examina- 
tion, the antistreptolysin rise among the penicillin-treated patients was of the same order 
of magnitude as that among the aureomycin-treated patients with persistence of the same 
type. Therefore, in both the penicillin study and the present study, inhibition of anti- 
streptolysin formation was slight unless the infecting streptococci were eradicated by 
treatment. 

In the present study, aureomycin treatment reduced by 74% the incidence of rheumatic 
fever occurring within 35 days of the observed cases of exudative tonsillitis and pharyn- 
gitis. Among the patients treated with pencillin in the previously reported study, the 
incidence of rheumatic fever occurring within 35 days was reduced 91% by treatment. 
Considering the incidence of rheumatic fever occurring within 45 days, the reduction by 
aureomycin and penicillin was 53 and 93%, respectively. Thus, although aureomycin 
reduced the incidence of definite rheumatic fever significantly, it was not as effective as 
penicillin. 

It has been’ well established that patients with rheumatic fever have an elevated anti- 
streptolysin titer.»?° Furthermore, the antibody titer of sera collected during the con- 
valescent period following a streptococcal infection is higher in those patients who develop 
rheumatic fever than in those who do not develop this complication.’ 1* Since the attack 
rate of rheumatic fever in populations with acute streptococcal infections may be corre- 


* Acquisition of a different strain of the same serologic type of streptococcus may have occurred 
in some instances. 
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lated with the magnitude of the antibody response,* therapy which inhibits antibody to 
the maximum degree might be the most effective in preventing rheumatic fever. 

The data presented here indicate that eradication of the infecting organism is necessary 
if the maximum degree of inhibition of antibody is to be obtained. In the present series all 
five treated patients who developed definite rheumatic fever within 35 days following 
streptococcal illness harbored group A streptococci at the time of their admission for 
rheumatic fever. Three of these patients had the same serologic type that was isolated 
at the time of their respiratory infection. A nontypable group A streptococcus was 
isolated from one of the two remaining -patients at the time of both his respiratory and 
rheumatic fever admissions. Streptococci were not isolated from the remaining patient 
at the time he was admitted with exudative tonsillitis. It would appear that at least four 
of these five patients had a bacteriologic relapse following cessation of their aureomycin 
therapy. 

During the study employing penicillin,? the two patients who received treatment and 
developed rheumatic fever within 35 days had group A streptococci isolated from their 
throats at the time of admission for rheumatic fever. One patient had the same serologic 
type that was present on his respiratory admission; the other patient had a negative 
culture for streptococci at the time of his respiratory admission. Massell ef al.1* observed 
only two cases of rheumatic fever following penicillin therapy of 34 streptococcal infec- 
tions in rheumatic subjects; in both instances a bacteriologic relapse occurred after 
treatment. 

It would thus appear that eradication of the infecting organism is of the utmost im- 
portance if rheumatic fever is to be prevented. A comparison of aureomycin treatment 
as presented in this study and of penicillin therapy as previously reported* indicates that 
when the two drugs are administered for comparable periods of time, penicillin is more 
effective in the eradication of the infecting strain of streptococcus, in inhibition of anti- 
streptolysin formation, and in decreasing the incidence of rheumatic fever. 

It is recommended that penicillin, administered in the manner previously described,* 
be used for the treatment of streptococcal sore throat in order to prevent the occurrence 
of rheumatic fever. Treatment should be initiated as early as possible after the onset of 
the illness. Two injections of 600,000 units of depot penicillin administered 72 hours 
apart is suggested as a minimum dose; three such injections are preferable. In those indi- 
viduals who give a past history of rheumatic fever the use of the sodium salt in doses 
of 15,000 to 25,000 units every 3 hours for 8 to 10 days might be employed, because the 
incidence of recurrent rheumatic fever in such groups is high and such a schedule of 
treatment appears to be most effective in inhibiting antibody formation." 

If penicillin cannot be tolerated by the patient, aureomycin may be used as treatment 
of streptococcal sore throat to pzevent rheumatic fever. Aureomycin should be given for 
at least six days and careful search should be made for evidence of bacteriologic relapse 
following its discontinuance. If bacteriologic relapse should occur following either penicil- 
lin or aureomycin therapy, treatment should be reinstituted immediately. 


SUMMARY 


A total of 1,009 patients with exudative tonsillitis or pharyngitis, predominantly 
streptococcal in etiology, was treated with aureomycin hydrochloride. A control group of 
1,035 patients received no aureomycin. 

An illness classified as definite or possible rheumatic fever subsequently developed in 
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20 patients who had received aureomycin and in 29 who had received no treatment. Data 
collected on rheumatic subjects indicated that when the interval between the onset of 
the observed attack of exudative tonsillitis or pharyngitis and the onset of rheumatic fever 
exceeded 35 days, an intervening streptococcal infection had occurred. Five patients in 
the treated group and 20 in the control group developed rheumatic fever within a 35 
day interval. These data indicated that aureomycin therapy greatly reduces the subsequent 
occurrence of rheumatic fever. 

Aureomycin therapy was also found to eradicate the streptococcus from the oropharynx 
in a large number of instances and to inhibit the formation of antistreptolysin. The degree 
of inhibition of antistreptolysin formation was shown to correlate with the eradication 
of the streptococci from the oropharynx. When bacteriologic relapse occurred following 
cessation of aureomycin therapy, the degree of inhibition of antistreptolysin production 
was low. 

Aureomycin therapy of streptococcal infections was compared to penicillin therapy 
of such infections. It was shown that penicillin was more effective in eradicating strepto- 
cocci, decreasing antistreptolysin formation, and preventing rheumatic fever. Penicillin, 
therefore, is the drug of choice. 
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SPANISH ABSTRACT 


Efecto del Tratamiento con Aureomicina de las Faringitis Estreptocéccicas sobre 
los Portadores, Respuesta Inmunolégica de Huésped y la Incidencia 
de la Fiebre Reumatica Aguda 


En términos generales se consideran igualmente efectivos para el control de los sintomas y signos 
de la amigdalitis y faringitis agudas estreptocdccicas, los siguientes tres antibidticos: penicilina, 
aureomicina y terramicina; la seleccién de ellos debe tomar en cuenta su efecto sobre la disminucién 
de la incidencia de complicaciones no supurativas, es decir, la instalaci6n de fiebre reumatica y 
glomerulonefritis agudas tras el cuadro faringeo. 

EI presente articulo relata el efecto de tres esquemas diferentes de tratamiento con aureomicina, 
sobre los portadores, la respuesta inmunoldégica del huésped y la incidencia de la fiebre reumatica, en 
un grupo de 2044 pacientes con amigdalitis exudativa y faringitis; de éstos, 1009 recibieron au- 
reomicina y 1035 sirvieron de control sin ningun tratamiento. 

En 20 pacientes que recibieron aureomicina se desarrollo un cuadro clasificado. como fiebre reu- 
matica posible o definida, que contrast6 con 29 pacientes sin tratamiento, que también lo padecieron. 
Los datos recogidos en sujetos reumdticos mostraron que se habia presentado infeccién estreptocécci- 
ca intercurrente cuando excedia 35 dias el intervalo entre el principio del ataque de amigdalitis y 
faringitis y el principio de la fiebre reumatica; 5 pacientes del primero y 20 del segundo grupo 
presentaron fiebre reumatica dentro del intervalo de 35 dias; estas cifras sugieren a los autores que 
la terapéutica con aureomicina redujo grandemente la incidencia subsecuente de fiebre reumatica. 

El tratamiento con aureomicina también eliminé los estreptococos de la orofaringe en un gran 
nimero de casos, e inhibié la formacién de antiestreptolisina. El grado de inhibicién en la 
formacién de antiestreptolisina-correspondiéd a la eliminacién de estreptococos de la orofaringe; se 
observ6é que al presentarse una recaida bacteriolégica al suspender la terapéutica, fué bajo el grado 
de inhibicién de produccién de antiestreptolisina. 

Se hizo ademas un estudio comparativo entre el tratamiento con aureomicina y con penicilina 
en las infecciones estreptocdccicas; se encontré mas efectiva la penicilina para eliminar los estrop- 
tococos, disminuir la formacién de antiestreptolisina y evitar la fiebre reumatica. Los autores, por lo 
tanto, consideran la penicilina como el antibidtico de eleccién. 
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SERUM MUCOPROTEINS IN PATIENTS 
WITH RHEUMATIC FEVER 


By VINCENT C. KELLEY, M.D., Pu.D., Forrest H. Apams, M.D., M.S.,* 
AND ROBERT A. Goon, M.D., PH.D.** 
Salt Lake City and Minneapolis 


S INCE Winzler et al.1:* reported quantitative methods for measuring levels of muco- 
proteins in the serum of human subjects, the results of several investigations meas- 
uring these substances in patients with rheumatic fever have been reported. 

It was demonstrated by Kelley, Good and McQuarrie® that the concentration of muco- 
proteins is increased in patients with acute rheumatic fever, and that a return to normal 
levels accompanies clinical inactivation of this disease. On the basis of these studies it 
was suggested that serum mucoprotein levels might serve as a nonspecific index of 
rheumatic activity. Adams, Kelley, Dwan and Glick* found that the elevated serum 
mucoprotein levels observed in patients with rheumatic fever return to normal when 
remission of the disease is induced by therapy with adrenocorticotropin (ACTH). They 
suggested that the mucoprotein concentration in the serum might be useful as a criterion 
of adequacy of therapy. 

All published investigations of mucoproteins in rheumatic fever are based on studies 
in comparatively small numbers of patients. The purpose of this report is to summarize 
experience with a large number of patients detailing observations on (1) serum muco- 
protein concentrations in various phases of rheumatic fever, (2) response of mucoprotein 
levels to both spontaneous and hormone-induced remission, (3) relationship of muco- 
protein level at the time of discontinuation of therapy to the reappearance of clinical and 
laboratory manifestations of disease and (4) more precise definition of the usefulness and 
limitations of mucoproteins as an index of rheumatic activity. 


MATERIALS AND METHODS 


A total of approximately 2,000 mucoprotein determinations were done, by the method previ- 
ously described,* on serum samples obtained from 453 individuals ranging in age from 3 mo. to 33 yr. 

Of these patients 91 were suffering from active rheumatic fever diagnosed according to the 
criteria of Jones. All the children in this series had fever, evidence of carditis, and elevated ESR. Most 
of them had migratory polyarthritis and many had other manifestations of rheumatic activity such as 
subcutaneous nodules, skin rashes, chorea or less specific minor manifestations. Cases were not 
included in the study if for any reason the diagnosis of rheumatic fever was in doubt. Fifty-five of 
these patients were treated with adrenocorticotropic hormone,t+ 4 with cortisonet and the remainder 
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with standard measures including bed rest and moderate dosage of salicylates as indicated. In 86 
patients serial determinations of mucoprotein levels were done throughout the course of the illness. 

Thirty-eight patients with inactive rheumatic fever are included in the study. Only those patients 
are included who had been observed during an antecedent attack of acute rheumatic fever or who had 
typical residual cardiac murmurs and clear histories of preceding acute attacks. In this group none 
of the patients had any evidence of rheumatic activity or of infection of any kind and all had normal 
ESRs at the time when the blood specimens were obtained for study. 

Twenty-six individuals with Syndenham’s chorea were studied. None of these patients had 
fever, polyarthritis, active carditis, subcutaneous nodules or significantly elevated ESRs, although many 
of them had cardiac murmurs presumably the result of previous attacks of acute rheumatic fever. 

The “sick control’ group includes 120 patients acutely ill with a variety of diseases among which 
were osteomyelitis, pneumonia, poliomyelitis, glomerulonephritis, periarteritis nodosa, juvenile 
rheumatoid arthritis, Hodgkins’ disease, leukemia and a variety of malignancies. 

ACTH was administered intramuscularly in most patients, but intravenously in a few instances, 
the maximum daily doses ranging from 25 to 150 international units (I.U.). Cortisone was ad- 
ministered intramuscularly in doses ranging from 100 to 300 mg. daily. After varying periods of 
treatment, as indicated in the tables, the doses of hormones were gradually decreased and the treat- 
ment finally discontinued. Occasional interruptions of these therapeutic regimens were necessitated 
by uncontrollable factors such as failure of hormone supplies to arrive on schedule. 


TABLE 1 


SERUM MUCOPROTEINS IN PATIENTS WITH RHEUMATIC FEVER 














Mucoprotein Tyrosine (mg./100 cc.) 
Group No. of Age Sob ard ED 

Cases Range Mean S.E.M. Range 
Active rheumatic fever 91 3-21 8.51 +0.31 | 3.4-19.9 
Convalescent rheumatic fever 53 3-18 2.46 +0.07 1.5- 3.6 
Inactive rheumatic fever 38 5-19 2.88 +0.13 1.8 5.5 
Sydenham’s chorea 26 4-15 5:24 +0.18 2.0- 4.9 
Sick controls 120 3-33 5.19 | »+£0.24 2.6-14.3 
Normal children* 75 1-15 2M. | +0.06 1.9- 4.5 
Normal young adults* 50 18-33 2A. | EOS 1.9- 4.3 

* See Kelley et al.* 
OBSERVATIONS 


Serum mucoprotein levels (expressed as mg.% mucoprotein tyrosine )* observed in pa- 
tients with rheumatic fever in various stages of activity are illustrated in table 1. From 
these data it may be seen that not only was the mean serum mucoprotein level markedly 
elevated in patients with acute rheumatic fever as compared to normal individuals, but 
that every individual of this group of 91 patients with acute rheumatic fever exhibited an 
elevation of the mucoprotein level. Although occasional exceptions were observed, the 
degree of elevation of the mucoprotein level corresponded roughly to the severity of the 
disease as estimated clinically. Three patients in this series died. Of these, one was treated 
with ACTH and two were not. The maximum mucoprotein tyrosine levels observed in 
these three patients were 11.2, 10.5 and 14.1 mg./100 cc. While these were not the 
highest values in the series, each represented a marked elevation. 

Among the patients convalescent from rheumatic fever the serum mucoprotein levels 
were generally normal. There were no patients in this group who had markedly elevated 
mucoprotein levels and the mean value for the group was close to the mean value for 
normal subjects, In general, patients with inactive rheumatic fever and with Syndenham’s 
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chorea also had normal mucoprotein levels. However, in the latter two groups of patients 
a few individuals having moderately elevated mucoprotein concentrations were found so 
that the mean value for each group was slightly higher than the mean value for normal 
individuals. 

The data concerning the ‘‘sick control” group are included to emphasize the lack of 
specificity of elevations of mucoprotein levels. In this group of patients a variety of 
miscellaneous disease syndromes are represented. All the patients included in this category 
were acutely ill at the time of sampling. While some of these patients had nearly normal 
mucoprotein concentrations most of them showed at least moderate and some had extreme 
elevations in the serum level of these substances. The mean value for the group is 5.19 
mg./100 cc.—somewhat more than twice that observed in normal individuals. 


Duration of Elevation of Serum Mucoprotein Levels in Patients 
Not Treated with Hormone Therapy 


In patients suffering from acute rheumatic fever treated conservatively with bed rest 
and salicylates who showed no clinical evidence of progression to chronically active disease 
the initially elevated mucoprotein levels consistently decreased toward normal as the dis- 
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CHART 1. Comparison of mucoprotein concentrations and erythrocyte sedimentation rate in acute 
rheumatic fever treated with bed rest and salicylates. 








610 V. C. KELLEY, F. H. ADAMS AND R. A. GOOD 

















































































































































r-MPT—ESR I - ; - oat 
105 100g— ' a 
\ 
-f 
8.5 = 
65 INA 
‘ 
ae . , eee 
45 40 vi Y 
vi 4 
vj \ 
25: -26 ‘ 
\ 
; |» 
% 10 20 30 40 50 60 70 80 90 100 10 
DAY OF OBSERVATION 
MPT—ESR: 
mg.% mav hr 
25 7 
10.5 60f- a 
f 
85 50 ae 
65 40 r . ae 
x7 \ 
45 30 1 
\7 
25 20 ¥ 
105 10 20 30 40 50 60 
DAY OF OBSERVATION | 








CHART 2. Comparison of erythrocyte sedimentation rate and mucoproteins in patients having pro- 
longed rheumatic activity terminating fatally. 


ease became quiescent. In chart 1 are shown graphs in which the response of serum 
mucoproteins and ESR in 6 such patients is compared. It may be observed from these 
data that, in patients treated in this way, there is a striking parallelism between the curves 
for mucoprotein level and sedimentation rate in each instance. The latter, however, often 
reaches normal limits at a somewhat earlier time than does the mucoprotein level. In 
patients developing chronically active rheumatic fever the serum mucoprotein concentra- 
tion regularly remains elevated during the entire period of clinical disease, a return toward 
normal levels occurring only upon subsidence of rheumatic activity. The persistent in- 
crease in mucoprotein level with continuing disease activity is illustrated in charts 2a and 
b, where charts from two patients whose chronic illness resulted fatally are shown. In 
the case of A.H. elevated mucoprotein levels were observed during the four month period 
of hospital treatment up to the time of death which occurred six months after the onset 
of rheumatic manifestations. Similarly $.D., whose disease began three months prior to 
initiation of studies, showed elevations in serum concentrations of mucoproteins during 
the entire period of observation of approximately 50 days. In the latter case a fall in 
mucoprotein level occurred just prior to death. Ten patients were studied who had been 
ill with rheumatic fever for three months or longer prior to the initial mucoprotein 
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CHART 3. Changes in mucoprotein concentration compared to changes in erythrocyte sedimentation 
rate in patient with cardiac failure due to acute rheumatic carditis. Mucoprotein concentration indi- 
cated activity of disease process not reflected by sedimentation rate during periods of cardiac failure. 


determination. In this group of patients suffering from chronically active rheumatic fever 
the mean value for serum mucoprotein tyrosine was 8.8 mg./100 cc. and a range of values 
from 6.3 to 14.4 mg./100 cc. was found. It thus seems clear that in patients with long 
continuing rheumatic activity the serum mucoprotein level remains elevated for long 
periods of time. 

The occurrence of cardiac failure in the patients with active rheumatic fever, in contrast 
to its occasional depressing action on the ESR, did not appear to decrease the serum 
mucoprotein level. Thus a patient with severe rheumatic heart disease and cardiac failure 
might have an ESR within normal limits and at the same time show an elevated muco- 
protein level. Clinical improvement of such patients resulted first in an increase of the 
ESR without change in the mucoprotein concentration followed by a gradual decrease of 
both mucoprotein and ESR to normal. This course of events is illustrated by Patient T.B. 
whose data are shown in chart 3 and was observed on three occasions during the course of 
this study. 


Effect of Treatment with ACTH and Cortisone on 
Serum Mucoprotein Levels 


When patients suffering from acute rheumatic fever were treated with ACTH the serum 
mucoprotein concentration usually began to return toward normal along with decreases 
of the temperature and sedimentation rate. During hormone therapy, however, the muco- 
protein levels regularly lagged behind the sedimentation rate and temperature in their 
return toward normal. After an initial fall a tendency for the mucoprotein concentration 
to plateau at significantly elevated levels was observed. The mucoprotein values conse- 
quently often remained elevated long after the sedimentation rate had returned to normal. 
This relationship is illustrated in chart 4. A lag in the fall of mucoprotein level behind 
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CHART 4. Mucoprotein and sedimentation rate in rheumatic fever treated with ACTH. During 
hormone therapy mucoproteins lagged behind sedimentation rate in return toward normal. 
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CHART 5. Mucoprotein and sedimentation rate in patient in whom ACTH treatment was without 
beneficial effect. Note that in spite of treatment both sedimentation rate and mucoprotein concen- 
tration remained elevated during entire course of disease. 
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the fall of the erythrocyte sedimentation rate was observed in almost every patient treated 
with hormones, a fact markedly at variance with the nearly parallel descent observed in 
the patients treated by salicylates and bed rest. 

That the initial depression in mucoprotein levels observed during hormone treatment 
was a function of the therapy is indicated by observations made in patients whose therapy 
was prematurely interrupted. In this circumstance increasing concentrations of serum 
mucoproteins accompanied recurrences of symptoms and signs of rheumatic activity in 
several instances, 
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CHART 6. Mucoprotein concentrations during ACTH and salicylate therapy. A. Two curves com- 
pare average mucoprotein concentrations in patients treated with ACTH and those treated with only 
salicylates and bed rest. Striking similarity in curves is apparent. B. Two curves compare percentage of 
patients with abnormally high mucoprotein concentrations during treatment with ACTH, or salicylates. 
Again curves are surprisingly similar. 


Data concerning a patient in this series who succumbed to rheumatic fever despite 
ACTH therapy are shown in chart 5. In this instance ACTH in the dosage employed did 
not alter the progressive clinical symptomatology or laboratory evidence of the disease. 
The failure of ACTH to affect her illness was reflected by failure of either the ESR or 
serum mucoprotein concentration to decrease significantly. 

In patients whose rheumatic fever had been active for long periods prior to the initial 
studies, mucoprotein levels were regularly found to be elevated. Upon treatment with 
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ACTH most such patients showed a decrease in the concentration of mucoproteins with 
subsidence of clinical signs of rheumatic activity. Here, however, just as in the acute 
disease, mucoprotein concentrations regularly remained significantly elevated for a con- 
siderable period after the sedimentation rate had returned to normal. When therapy was 
discontinued before the mucoprotein values reached normal, clinical and laboratory evi- 
dence of recurrent rheumatic fever often reappeared. 

In spite of the occurrence of an initial fall in mucoprotein concentration in the serum 
of patients on hormone therapy, analysis of the data for the entire group of rheumatic 
patients treated with ACTH reveals only slight differences in mucoprotein response from 
that of patients treated with salicylates. These data are summarized in chart 6A and B 
where the two groups are compared with respect to mean values of mucoproteins and the 
percentage of patients having elevated mucoprotein concentrations at intervals following 
initiation of therapy. The curves representing mean serum mucoprotein values in these 
two groups are strikingly similar. The mucoprotein concentration for each group ap- 
proached the upper limits of the normal range approximately 55 days after initiation of 
therapy. The mean value for the hormone-treated group became identical to the mean 
normal value for mucoproteins 85 days after initiation of therapy, whereas 115 days 
elapsed before this occurred in the group treated only with salicylates and bed rest. 

Similarly only slight differences were noted in the curves plotting percentage of pa- 
tients in the two groups having elevated serum mucoprotein levels at intervals after 
initiation of therapy. The mucoprotein values in the hormone-treated group had uniformly 
returned to normal 95 days after therapy was started, whereas all those of the other group 
did not reach normal until 125 days after initiation of therapy. It should be mentioned 
that in an attempt to analyse only monocyclic cases, none of the patients who entered the 
hospital in a stage of chronic or polycyclic rheumatic activity were included in this analysis. 
All patients fitting this criterion who were treated with ACTH were included regardless 
of the dosage employed or the adequacy of hormone therapy considered in retrospect. 
These latter measures might tend to minimize actual differences between the two groups. 
It seems important, however, despite these drawbacks that the curves plotting the response 
of this acute phase reactant to therapy are so similar in the group of patients treated with 
only salicylates and in those treated with ACTH. 


Relation of Serum Mucoprotein Level to Occurrence of ““Rebound” 


The data concerning duration of therapy and mucoprotein levels at critical times during 
61 courses of hormone therapy are summarized in table 2. For the purpose of this dis- 
cussion “clinical rebound”’ is considered to have occurred if there was any evidence of 
clinical re-activation of the disease upon tapering or withdrawal of therapy whether the 
severity of the symptomatology was considered sufficient to justify re-institution of therapy. 
“Laboratory rebound’’ is considered to have occurred in any individual whose sedimenta- 
tion rate, having been within normal limits, became elevated when the dose of hormone 
was tapered or therapy discontinued regardless of whether corresponding changes occurred 
in mucoproteins or other laboratory criteria. In this series of patients ‘‘clinical rebound” 
occurred in 11 instances, “laboratory rebound” without “clinical rebound” occurred in 24 
instances, and no “rebound,” laboratory or clinical, occurred in 26 instances. All individ- 
uals who exhibited ‘‘clinical reboufd’’ also exhibited “laboratory rebound”’ simultaneously. 

As may be seen in table 2 there appears to be a direct relationship between the serum 
mucoprotein level and the occurrence of “rebound.” Whether the initial mucoprotein 
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TABLE 2 


Data CONCERNING OCCURRENCE OF “REBOUND”? AFTER WITHDRAWAL OF HORMONE 
THERAPY IN PATIENTS WITH ACUTE RHEUMATIC FEVER 








Mucoprotein Level* 


Duration of Therapy 









































(days) 
Group of No. of he lt Ri Pi 
Patients Pts. es At time of dies. | Until Until dis- 
Initial tapering : tapering | continuing 
uing 
dose therapy of dose therapy 
No rebound 26 Mean 9.0 5.4 4.6 21.9 | 36.5 
+SEM 0.45 0.32 0.26 3.02 3.28 
Range 4.0-14.4 | 2.5-10.2 | 1.97.8 4-63 10-82 
| 
Laboratory re- | 24 Mean | 10.3 | 6.7 5.6 S50 52.2 
bound only +SEM 0.71 0.31 0.38 4.86 7.04 
| Range 5.2-19.9 | 4.1-9.8 | 3.3-9.9 7-95 16-115 
Clinical rebound | 11 | Mean 11.6 8.4 7.5 13.0 20.9 
| +SEM 0.95 0.90 0.65 1.68 3.75 
Range 5.0-15.0 | 4.8-12.0 | 5.2-10.6 7-23 7-41 
Ries | | 
All cases not | 50 | Mean 9.6 | 6.0 5.1 28.4 44.0 
showing clinical +SEM 0.41 | 0.24 0.23 2.95 CB 
rebound | Range 4.0-19.9 | 2.5-10.2 | 1.9-9.9 | 495 | 10-115 





* Expressed as mg.% mucoprotein tyrosine. 


level, the level at the time of tapering of dose, or the level at the time of discontinuation 
of therapy be considered, the mean values for those patients who exhibited “clinical re- 
bound” are highest, for those patients who exhibited only “‘laboratory rebound” are in- 
termediate, and for those patients who exhibited no “rebound” are lowest. It should be 
observed that there is considerable overlapping of the mucoprotein values in the various 


TABLE 3 


CoMPARED TO MEANs OF “No REBOUND” GrouP 


SIGNIFICANCE OF DIFFERENCES OF MEANS OF VARIOUS GROUPS 

















Mucoprotein Level Duration of Therapy 
(days) 
Group n ees 
de z Until Until 
Initial At taper At D. C. taper D.C. 
Laboratory 48 t= 1.54 2.95 2.17 2.aF 2.02 
rebound only p= >.05 <.01 <.05 <.05 < .05 
Not Very Significant | Significant | Significant 
significant | significant 
Clinical rebound 35 t= 2.33 3.15 4.14 2.58 3.13 
p= <.05 <.01 <.01 <.05 <.01 
Significant Very Very Significant Very 
significant | significant significant 
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groups, so it is not possible at the time of initiation of therapy, tapering of dose, or dis- 
continuation of therapy to designate any specific mucoprotein level above which “‘re- 
bound” uniformly will occur and below which it uniformly will fail to occur. 

Results of statistical evaluation of the significance of the differences between the means 
of the “no rebound” group and each of the other 2 groups are shown in table 3. The 
group with only ‘‘laboratory rebound” show no significant difference in initial mucoprotein 
levels, a very significant difference in mucoprotein levels at the time of tapering of the 
dose and a significant difference in mucoprotein levels at the time of discontinuation of 
hormone therapy as compared to the patients with no “rebound.” The initial mucoprotein 
concentration in patients who subsequently developed clinical evidence of rheumatic exacer- 
bation was on the average slightly higher than that of patients who showed no signs of 
clinical or laboratory recrudescence following cessation of hormone therapy. Similarly, 
higher mean levels of mucoprotein were observed in the serum of the ‘clinical rebound”’ 
group both at the time the hormone dosage was decreased and at the time of discontinua- 


TABLE 4 


SIGNIFICANCE OF DIFFERENCES OF MEANS OF GROUP WITH “‘CLINICAL 
REBOUND” AND ‘‘No CLINICAL REBOUND” 








Mucoprotein Level Duration of Therapy (days) 


aie | 
Initial At taper | At D.C. To taper ‘how. C. 
n 59 59 59 59 59 
t | 1.94 | 2.58 3.48 | 4.54 4.37 
ae > .05 | <.05 <.01 | <.01 <.01 


| Not significant | Significant | Very significant | Very significant Very significant 
| ! { 








tion of therapy. It has been argued that the occurrence of “laboratory rebound’’ without 
“clinical rebound” is of little importance to the patient. Consequently the statistical com- 
parisons presented in table 4 may be of interest. In this table a statistical analysis of the 
differences in mean mucoprotein concentration between the group of patients developing 
“clinical rebound” and the entire group showing no ‘‘clinical rebound’’ are presented. 
From these data it may be seen that the patients developing “‘clinical rebound’’ had a 
significantly higher mean mucoprotein concentration at the time of the decrease in 
hormone dosage as well as at the time of discontinuation of hormonal therapy. Although 
no mucoprotein level could be designated to predict with certainty recrudescence of dis- 
ease activity upon discontinuation of hormone treatment surprisingly little overlap occurred 
between the groups of patients who developed ‘‘clinical rebound’’ and those who did 
not. Of the patients who exhibited ‘‘clinical rebound’’ only one had a’serum mucoprotein 
level lower than 6.0 mg./100 cc. Of those who did not exhibit clinical rebound only 5 
of 50 had mucoprotein concentrations greater than 7 mg./100 cc. at the time of discon- 
tinuation of therapy. 

In tables 3 and 4 a statistical analysis of the relationship between duration of therapy 
and the occurrence of “rebound” is also presented. A significant difference in duration 
of therapy between the groups was demonstrated. The group of patients developing 
“clinical rebound” had significantly shorter periods of therapy than did those who did not 
show the “rebound” phenomenon. The mean duration of treatment in the group showing 
“clinical rebound” was 20.9 days whereas in the group which did not develop recrudes- 
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cence of rheumatic fever it was 44.0 days. All but four patients who were treated with 
ACTH less than 20 days showed recurrence of rheumatic activity when the hormone was 
discontinued. 


Mucoprotein Concentrations in Polycyclic Rheumatic Fever 


In the course of these investigations one patient was studied whose episode of rheumatic 
fever was extremely chronic and showed characteristics of so-called polycyclic activity. 
Curves illustrating mucoprotein concentrations, sedimentation velocities, and body tempera- 
ture during a period of 11 months of hospital study and treatment of this patient are 
recorded in chart 7. 
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CHART 7. Comparison of sedimentation rate and mucoprotein concentration in patient with 
polycyclic rheumatic fever. 


Several points illustrated in this case are worthy of emphasis. The mucoprotein con- 
centrations remained at high levels during the initial phases of study despite intensive 
salicylate therapy and decreased for the first time after treatment with ACTH was started. 
Unlike the sedimentation rate, body temperature and C-reactive protein levels the muco- 
protein concentration did not return to normal levels at any time during hormone treat- 
ment. Instead the trend toward normal ceased after two weeks of treatment with ACTH 
and actually increasing concentrations were observed on two occasions during the course 
of treatment. When ACTH was stopped both clinical and laboratory “rebound” occurred. 
Following subsequent spontaneous inactivation, however, the mucoprotein level reached 
normal. Subsequently in the absence of an intercurrent streptococcal infection spontaneous 
reactivation of the disease resulted in a marked elevation in mucoprotein concentration. 

The striking disparity between the sedimentation rate and mucoprotein concentration 
observed during hormone therapy did not exist during spontaneous inactivation. Instead, 
under these circumstances a rather close parallelism in the variations of these two acute 
phase reactions was observed. 
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DIsCUSSION 


The concentration of serum mucoprotein is consistently increased in acute rheumatic 
fever and normal serum levels characterize the convalescent and inactive stages of this 
disease. Patients with Syndenham’s chorea generally have normal concentrations of muco- 
protein in their serums when other evidences of rheumatic activity are absent. When 
chorea occurs in conjunction with other manifestations of acute rheumatic fever elevations 
in mucoprotein level are consistently observed. The serum mucoprotein concentration re- 
mains elevated as long as disease activity persists in patients with chronically active 
rheumatic fever. 

When either acute monocyclic rheumatic fever or chronically active rheumatic fever is 
treated with only bed rest and salicylates the mucoproteins fluctuate in close correlation 
with changes in the intensity of the disease activity just as do the sedimentation rate and 
other accepted indices of rheumatic activity. Although generally well correlated with the 
sedimentation rate the mucoprotein concentration often lags behind the sedimentation rate 
in its return to the normal range. In patients treated with ACTH who respond well to 
hormone therapy the mucoprotein level begins to return toward normal along with subsi- 
dence of overt evidence of disease. Unlike other indices, however, it often does not 
become normal for long periods after hormone therapy has been started. After the initial 
decrease in concentration, a plateau occurs in the mucoprotein curve which is followed by 
a gradual decrease to normal levels. This disparity between mucoprotein response and that 
of other indices of rheumatic activity is particularly provoking. Upon superficial considera- 
tion it might be attributed to an intrinsic slow biologic decay of this protein. Certain data 
render this conclusion untenable. In the first place, the curves illustrating mucoprotein 
concentrations in patients who respond well to ACTH therapy have clearcut individuality, 
the slope of the curve depending little on the degree of elevation at the time treatment was 
instituted. Secondly, in patients with acute infectious diseases which can be sharply 
limited by effective antibiotic treatment the return of mucoprotein values from elevations 
comparable to those seen in rheumatic fever are much more rapid and uniform following 
removal of the disease process which stimulated the rise and maintained the elevation. 
And finally, following an initial decrease upon institution of therapy not only does a 
plateau in the curve develop, but in a few instances periods of transiently increasing 
mucoprotein concentration have been observed in spite of the apparent continuing effec- 
tiveness of therapy as evaluated by absence of symptomatology, absence of C-reactive 
protein in the serum and persistently normal sedimentation rates. These findings suggest 
strongly that the serum mucoproteins may furnish indication of persistence and fluctua- 
tions in rheumatic activity in the face of hormone therapy which is not provided by the 
conventional indices of activity of this disease process. The findings might also suggest 
that in these patients ACTH or cortisone treatment is contributing in some unknown way 
to the persistent elevation of serum mucoprotein concentration. 

The consistent occurrence of elevated levels of mucoproteins in the serums of patients 
with acute rheumatic fever and of normal levels in patients in a convalescent phase of 
this disease suggests that the mucoprotein level might serve as a meaningful criterion of 
the status of activity of rheumatic fever. Since the mucoprotein level returns to normal 
somewhat more slowly in patients treated with conservative therapy and much more 
slowly in patients treated with hormone therapy than does the ESR, the former would 
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appear to offer information concerning the existence of disease activity which is not 
provided by the latter. Especially does this become apparent in patients treated with 
hormone therapy, in whom discontinuation of therapy often results in recrudescence of 
rheumatic activity (‘‘clinical rebound”) if the ESR is used as the sole criterion determin- 
ing the time for discontinuance of treatment. If the serum mucoprotein level is employed 
as a basis for tapering hormonal dosage and discontinuing hormone therapy and “‘clinical 
rebound”’ may be avoided in many instances. 

The laboratory procedure involved in the determination of serum mucoproteins should 
not constitute a serious deterrent for any well-established clinical laboratory. A technologist 
can do as many as 40 determinations simultaneously. If only a few determinations need 
be done these can be performed by a technologist in conjunction with other work, since 
the blood samples need not be processed immediately and precise timing is not necessary 
at any stage of the procedure. 

It should be clearly understood that the authors do not propose that the serum muco- 
protein determination is a specific test for rheumatic fever. Presented in this communica- 
tion are adequate data to eliminate this possibility and to establish the lack of specificity 
of the test. Indeed, elevations of the serum mucoprotein level may be considered to be 
nonspecific in the same way that elevations of the ESR are nonspecific. On the other hand, 
in light of the data presented here the persistence of normal serum mucoprotein levels 
upon repeated determinations in a given patient may be used as evidence mitigating against 
the diagnosis of active rheumatic fever. 

Treatment of rheumatic fever with ACTH and cortisone has been found to produce 
alleviation of clinical symptomatology.*-?! However, in the experience of many investi- 
gators,°-1? reappearance of clinical activity occurs so characteristically following withdrawal 
of hormone therapy that it has been concluded that this type of therapy is merely sup- 
pressive and does not eliminate rheumatic activity. Data presented in this report would 
tend to support this conclusion since elevated levels of serum mucoproteins often persist 
in spite of “effective” hormone therapy. On the other hand, if treatment with ACTH or 
cortisone is continued until the mucoprotein concentration reaches normal or near-normal 
levels clinical reactivation of rheumatic fever seldom occurs. 


SUMMARY 

Serum mucoprotein concentrations during various stages of rheumatic fever are com- 
pared to those of normal children and children suffering from a variety of diseases. 

In untreated rheumatic fever as in rheumatic fever treated with bed rest and salicylates 
the concentration of mucoproteins in the serum appears to be useful index of rheumatic 
activity. 

Treatment of rheumatic fever with ACTH or cortisone causes deviation of the elevated 
serum mucoprotein concentration toward normal but hormonal treatment has less effect 
on this “acute phase reactant’”’ than on other objective indices of rheumatic activity. 

A tendency of the mucoprotein concentration to “plateau” at elevated levels in spite 
of hormone treatment is described. The possibility that maintenance of elevated muco- 
protein levels during hormone therapy indicates persisting disease activity is suggested. 

The tendency to develop recurrent rheumatic symptomatology following cessation of 
hormone treatment is correlated with concentration of mucoproteins in the serum and with 
the total duration of treatment. 
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SPANISH ABSTRACT 


Mucoproteinas Séricas en Pacientes con Fiebre Reumatica 


Varios investigadores han hecho determinacién de los niveles de mucoproteinas en el suero de 
pacientes con fiebre reumatica activa, encontrandolos elevados, y en descenso al amortiguarse el 
padecimiento. Estos datos sugieren que las cifras de mucoproteinas en el suero podrian utilizarse 
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como un indice no especifico de actividad reumatica asi como de la eficiencia del tratamiento con 
ACTH. 

EI presente articulo se refiere a los hallazgos en 453 pacientes sobre los cuatro puntos siguientes: 

1. Concentraciones mucoproteicas del suero en las diversas fases de la fiebre reumatica. 

2. Alteraciones de estos niveles ante las remisiones tanto espontéaneas como debidas a la tera- 

péutica hormonal. 

3. Relacién de los niveles mucoproteicos al suspenderse el tratamiento, con reaparici6n de mani- 

festaciones clinicas y de laboratorio. 

4. Fijacién del criterio de utilizacién y limitacién de los niveles de mucopro%einas como indice 

de actividad reumatica. 

Los autores emplearon para su estudio alrededor de 2,000 determinaciones de mucoproteinas. 
El nimefo de casos estudiados se distribuyé en la siguiente forma: 91 pacientes con fiebre reumatica 
activa, 53 convalescientes del padecimiento, 38 con fiebre reumatica inactiva, 26 cen Corea de 
Sydenham, 120 como control con padecimientos diversos (ostecmielitis, neumonia, poliomielitis, 
glomerulonefritis, leucemia, artritis reumatoide juvenil, etc. etc.), 75 nifios normales y 50 jévenes 
normales. 

Puede considerarse que el estudio de la concentracién de mucoprcteinas en el suero humano es 
de utilidad en la determinacién de la actividad reumatica en pacientes no tratados y en los enfermos 
tratados con reposo y salicilato, ya que las mucoproteinas fluctian en relacién con las diversas fases 
de actividad del padecimiento, en la misma forma que la sedimentacién globular y los otros indices 
aceptados de actividad reumatica; en ocasiones la concentracién de mucoproteinas se normaliza a 
plazos mas largos que los que requiere la sedimentacién globular. 

Las concentraciones elevadas de las mucoproteinas del suero tienden a alcanzar cifras normales con 
tratamiento a base de ACTH y cortisona, aunque esta terapéutica tiene menor efecto para hacer 
descender tal elevacién sérica de las mucoproteinas que sobre otros indices de actividad reumatica 
(fiebre, sedimentacién globular, niveles proteicos, etc.), ya que con frecuencia se normalizan los 
niveles s6lo después de periodos largos de tratamiento. Tras del descenso inicial, se presenta una 
meseta en la curva de las mucoproteinas, seguido por un descenso gradual hasta los limites normales; 
esta disparidad con lo observado con otros indices de actividad reumatica, llama la atenciédn de los 
autores, que hacen algunas consideraciones en cuanto a su significado, aceptando que el sostenimiento 
de los niveles elevados mucoproteicos durante la terapéutica hormonal, simplemente manifiesta per- 
sistencia y/o fluctuacicnes de la actividad reumdatica, mds finamente determinadas que con otros 
indices; asi, mientras los niveles se hallan elevados en las fases agudas, 0 normales en los con- 
valescientes, su determinacién es un indice significativo del estado de actividad reumatica. En los 
pacientes tratados con terapia hormonal se observé que al suspenderla utilizando la sedimentacién 
globular como guia, se presentaba recaida clinica; ésta puede evitarse al utilizar como guia preferente- 
mente la concentracién de mucoproteinas, de mayor persistencia en cifras altas ante cl tratamiento 
que la sedimentaci6n globular. 

Para algunos autores el ACTH y la cortisona simplemente suprimen pero no eliminan la actividad 
reumatica; el presente trabajo apoya mas esta conclusién pues los niveles elevadcs de las mucopro- 
teinas persisten a pesar de la efectividad de la terapéutica hormonal. La reactivacién clinica de la 
fiebre reumatica raras veces se presenta al continuarse el tratamiento con ACTH y cortisona hasta 
alcanzar niveles normales o casi normales; los autores relacionan la tendencia a la reca‘da reumatica 
con la suspensién del tratamiento hormonal, con la concentracién de las mucoproteinas en el suero 
y la duracién total del tratamiento. 

Por ultimo, se recalca en el articulo que la determinaciédn de las mucoproteinas del suero no se 
propone como una prueba especifica de la fiebre reumatica. 


University of Minnesota Medical School 








INCONTINENTIA PIGMENTI 
(Bloch-Sulzberger Syndrome) 


By HONOR BAMBRIDGE, B.M.B.Ch. (Oxon), D.C.H. (Lond. ) 
Vancouver, Canada 


ULZBERGER,? in his initial paper, reported on five cases of a bizarre skin lesion 
with associated ectodermal defects to which he gave the name incontinentia pigmenti. 

The original case, a child of 18 months, was first seen by Bloch on account of blindness 
of the right eye with glioma and retinal detachment, and referred to Sulzberger on account 
of the peculiar skin lesions. 

At birth the infant had had areas of brown pigmentation on the trunk and, on the 
limbs, inflammatory lesions which had later faded to brown. There was no family history 
of any similar lesion nor of other congenital defects. 

At the time of examination, the child was a well-developed female of normal mentality. 
There were no abnormalities of the hair, teeth or nails. The skin of the head, face and 
neck was normal, but on the trunk and right lower extremity there were peculiar areas 
of pigmentation most marked in the axillary line. The distribution of the pigment was 
variously described'as resembling splashes of mortar or a spidery network of a chocolate 
brown or slate colour. Some inflammatory lesions were intermingled with the pigmentary 
changes on the lower limbs. 

Examined again at the age of 3 years, the child showed normal development, some 
fading of the initial skin lesions, and patchy alopecia of the scalp. 

The histologic picture showed an epidermis of normal thickness and configuration with 
no sign of inflammation and no increased pigmentation. Pathologic changes were confined 
to the basal cell layer. Most of these cells retained their normal character, but some were 
enlarged and irregular in shape with pale-staining vacuolated protoplasm and irregular 
pyknotic nuclei. 

The dermis showed localized areas of inflammation in its upper third with increased 
lymphocyte infiltration. The pigment was distributed entirely in the chromatophores 
which lay in close association with the altered basal cells of the epidermis. Melanin- 
containing cells in the dermis gave a negative dopa reaction.* 

Sulzberger regarded the primary lesion as a defect in the epidermal basal melanoblasts, 
which he thought of as being incapable of retaining their pigment which thus dropped 
through into the dermis, there to be phagocytosed by the chromatophores. In this con- 
nection it is interesting to note that Miescher, by injecting melanin into the normal dermis, 
produced a tattoo-like lesion resembling closely the pigmentation of this disease, which 
maintained its character for as long as six years, showing gradual fading similar to that 
described above. 


Since this original description, the reports which have followed, while all showing 
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(Received for publication June 26, 1953.) 

* In dopa-positive tissues the special substrate enzyme contained in melanin-forming cells gives a 
dark-staining reaction when treated with B.3.4 dioxyphenylalanine. Melanin itself gives no such 
reaction. 
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‘ this one common factor of typical skin pigmentation, have brought out several other 
characteristics of the disease which may exist as an isolated pigmentary defect or, more 
commonly, show a variety of associated ectodermal and some mesodermal defects. The 
familial incidence, either of a similar condition or of other ectodermal defects, has been 
amply illustrated by Naegeli’s three cases of a father and two daughters with the disease 
(cited in Sulzberger’s original paper) and by Sulzberger’s 19 year old girl? with blind- 
ness in the right eye, microcephaly, calcareous deposits in the cornea, patchy alopecia, 
spooning of the nails and scanty teeth. All the female members of this girl’s family gave 
a history of ectodermal defects. The disease is almost limited to the female sex, although 
a few cases have been reported in males. Other congenital anomalies reported in associa- 
tion with the above-mentioned defects and tabulated in Carney’s comprehensive review* 
of the subject include cardiac lesions, Little’s disease, and mental retardation associated 
with epileptiform seizures. In one case the reported vulval hirsutism was thought to be 
due to dilantin therapy. 

With earlier recognition of this disease, it has been realized that about half the cases 
start as an inflammatory vesicular eruption, occurring at or shortly after birth, rupturing 
to discharge clear fluid and eventually fading to leave the typical brownish pigmentary 
pattern. In a similar proportion of cases, the vesicular lesions on certain extensor surfaces, 
particularly of the phalanges, are replaced by calcareous watty lesions instead of the usual 
pigmentation. The disease is not limited to the white population, 1 Negress and several 
Chinese patients having been reported. 

Haber,‘ in a recent report of three cases, draws a corollary between this entity and the 
similar ‘‘incontinence”’ of pigment seen as a result of liquefaction of the basal cells in other 
dermatoses, e.g., lichen planus, lupus erythematosus, etc., and proposes that the term 
incontinentia pigmenti, which he regards as an incomplete title, be abandoned in favour 
of “Bloch-Sulzberger syndrome.’ Further, he submits the suggestion that the disease 
may be due to maternal virus infection during pregnancy, although this concept would 
be hard to correlate with the familial distribution. 

The prognosis of the skin lesion consists in a gradual fading of the pigment over the 
course of several years. Findlay® reports that cortisone therapy has produced temporary 
remission of all manifestations, only to be followed by a recrudescence some six months 
later. He also comments on the similarity between the eye lesions seen in this disease 
and those of retrolental fibroplasia. 


CasE REPORT 


Y.B., a 6 mo. old white girl, was referred to an eye specialist at the Vancouver General Hospital 
for investigation of blindness in the right eye. A paediatric opinion was also sought at this time in 
view of the numerous other defects. 

This child was born at term after an uneventful pregnancy, presenting by the breech and weighing 
2.9 kg. There was no history of difficulty in the immediate neonatal period. The only previous 
pregnancy had ended at 9 mo. in a stillbirth, the mother having had epidemic parotitis during the 
fourth month of her pregnancy. There was no consanguinity and enquiry into the health of the family, 
consisting of at least 63 persons, brought no suggestion of ectodermal defects. 

On the day after birth, the mother first noted blisters on the left knee which would appear without 
an inflammatory lesion, and after a few days would burst and discharge watery fluid. The reddened 
excoriated bases dried and eventually faded to leave brown scars. This sequence of events has re- 
curred ever since, involving chiefly the legs, also the arms and hands, especially over the inter- 
phalangeal joints. (See Figs. 1 and 2.) Topical medications have been used with no avail. 

One month before admission, the mother noted narrowing of the right pupil followed by a gradual 
clouding of the eye with apparent loss of vision. 
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Fic. 1. Anterior view of child to show typical distribution of pigmentary lesions. 


Fic. 2. Posterior view of child. Note especially typical marbled appearance over right calf and warty 
lesion on first digit of left hand. 
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Fic. 3. Skin biopsy showing superficial bulla and focal keratinization of prickle cells (see arrows 
marked “‘A’’). Also note looseness and jumbling of basal cell layer. H & E x 125. 


Development has been poor and feeding has always been difficult. The baby is irritable, takes no 
interest in her surroundings and does not hold up her head. For the previous 3 mo. the mother had 
noticed minor seizures occurring some 20 times a day. 

Examination revealed a plump, well-developed, irritable child, who was obviously retarded and 
unable to maintain any other than the supine position. She was having frequent minor seizures, con- 
sisting of a momentary flexion of all limbs and upward deviation of the eyes. The right eye was 
opaque and appreciation of objects with the left eye was limited. There was some asymmetry and 
antero-posterior flattening of the skull, whose circumference was 40 cm. The hair and nails were 
normal but no teeth were present and the palatal arch was high. No abnormality was noted in the 





Fic. 4. High power view of rete peg to show keratinization of individual prickle cells. Many of 
their nuclei are distorted and ghostlike. Also note oedema of basal cell layer and pyknotic nuclei. 
H & Ex 500. 
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cardiovascular system. There was increased muscle tone and tendon reflexes in all limbs, more espe- 
cially on the right side. There was limitation of abduction of the right femur and congenital disloca- 
tion of the hip joint was confirmed radiologically. Wrists RGs showed a bone age in keeping with the 
chronologic age, and no abnormality was seen in the skull or chest plates. 

The skin of the face, palms and soles was normal. Lesions of the skin could be divided into 3 
groups: 

1. Areas of red scarring cn the legs, more marked on the right side, and gradually merging into: 

2. Nonelevated areas of brownish pigmentation on the dorsa of the feet, the thighs and the trunk, 
being most marked in the axillary lines and giving the skin a marbled appearance. 

3. Warty calcareous excrescences on the extensor surfaces of several interphalangeal joints on the 
fingers and toes. 

There was a marked degree of vulval hirsutism. 

Under an anaesthetic, the eyes were examined and reported cn by Dr. J. A. McLean as follows: 

O.D. Tension 18 mm. Schiétz. There is a white organized mass in the vitreous chamber with fine 
blood vessels on the surface. The anterior chamber is shallow and the pupil does not dilate due to 
posterior synechiae. Transillumination is good. 

O.S. Tension 21 mm. Schiétz. The eye appears to be within normal limits but the disc is slightly 
pale. The choroidal network is visible and the retina is also rather pale. A diagnosis of microphthalmos 
with probable pseudoglioma was made and the possibilities of retinoblastoma or endophthalmitis 
due to intrauterine infection were considered. 

Skin biopsy was reported on as follows: 

There is acanthosis with widening of the rete pegs and hyperkeratosis. An occasional superficial 
bulla raises the keratin layer off the granulosa cell layer. The most striking features are increased 
keratinization of individual prickle cells which extend deeply into the widened rete pegs. These cells 
are deeply eosinophilic and many show degeneration of the nuclei, often only ghostly remnants re- 
maining. The basal layer is ocdematous resulting in separation and jumbling of the cells. Many of 
the nuclei are pyknotic and lie in a clear space. (Figs. 3 and 4.) 

A mild lymphocytic infiltrate is present in the papillae of the dermis and melanophores are pres- 
ent in increased numbers. 

SUMMARY 


The salient features of the disease complex formerly known as incontinentia pigmenti 
are discussed and a brief review of the literature is given. 

A further case is reported, that of a six months old female infant who has a character- 
istic history of inflammatory vesicular lesions present shortly after birth, and fading to 
leave a brownish marbling of the skin and warty areas on the phalanges. Other defects 
manifest in this infant include microcephaly, mental retardation, spastic tetraplegia 
(Little’s disease), epileptiform seizures, vulval hirsutism and congenital dislocation of 
the right hip joint. 
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SPANISH ABSTRACT 


Incontinentia Pigmenti 
(Sindrome de Bloch-Sulzberger) 


El autor presenta un caso que cae dentro del Sindrome de Incontinentia pigmenti, primeramente 
descrito por Sulzberger en 1927 con un informe de 5 pacientes, el primero de los cuales le fué 
enviado por Bloch debido precisamente a las peculiares lesiones de la piel que presentaba. Desde 
entonces se han publicado en la literatura internacional varios articulos, todos de pacientes con un 
factor comin de pigmentacién tipica de la piel, al que se agregan una gran varidad de defectos 
asociados, tanto del ectodermo como del mesodermo y cierta incidencia familiar; la mitad de los casos 
se inicia con una erupcién vesicular inflamatcria aparecida al nacer 0 inmediatamente después, en las 
superficies de extensién, que al romperse elimina un liquido claro y da lugar posteriormente a una 
mancha café o bien una lesién verrugosa en los mismos sitios. 

Sulzberger consideré que la lesién primaria fundamental consiste en un defecto de los melanoblastcs 
basales epidérmicos, incapaces de fijar pigmento que por lo tanto pasa a la dermis. 

El presente caso se refiere a una nifiita de 6 meses de edad con una historia caracteristica de lesiones 
inflamatorias vesiculares inmediatamente después del nacimiento, que al desaparecer dieron lugar 
a formacién tanto de hiperpigmentaciédn café de la piel como de dreas verrugosas; otros defectos 
encontrados fueron: microcefalia, retardo mental, tetraplejia espastica (enfermedad de Little), accesos 
epilépticos, ausencia de dientes, hirsutismo vulvar y luxacién congénita de la cadera derecha. 


Vancouver General Hospital 








INFANTILE RENAL ACIDOSIS 


By R. LicHtTwoop, M.D., F.R.C.P., W. W. Payne, M.B., F.R.C.P., 
AND J. A. BLACK, M.D., M.R.C.P. 
London 


HE term infantile renal acidosis is here used to denote a definite clinical disease 

occurring mainly during the first 18 months of life. It is characterised by the bio- 
chemical findings of a persistently lowered plasma bicarbonate, an alkaline urine, and al- 
most invariably raised plasma chlorides. There is also sometimes radiologic evidence of 
diffuse calcification in the medullae of the kidneys; this is referred to here as nephro- 
calcinosis in contrast to nephrolithiasis which implies the presence of calculi. 

Diffuse renal calcification has been described in association with several other states and 
there is a significant difference between the medullary and cortical types. Diffuse cortical 
calcification is seldom visible radiologically ; it is found post mortem in a variety of condi- 
tions including pyloric obstruction with alkalosis (Nazari,! Zeman,* Cooke*), burns, severe 
dehydration (Anderson*® and Doxiadis*), and poisoning with heavy metals; it is prob- 
able that calcification of the convoluted tubules follows necrosis from a variety of causes. 

The first series of cases with medullary calcification was described by Lightwood* who 
found six cases out of 850 consecutive autopsies at The Hospital for Sick Children, London. 
The kidneys showed macroscopic deposits of calcium with a radial distribution, extending 
from the cortico-medullary junction to the apices of the pyramids. When cut with a 
knife the kidneys had a characteristic gritty feel, and microscopically the deposits were al- 
most confined to the region of the collecting tubules. Having defined the morbid anatomy 
of this condition he examined the histories of these six cases and the events lead- 
ing to their death. All six conformed fairly closely to a common clinical pattern, with a 
history of anorexia, constipation and failure to thrive, and in three patients there was per- 
sistent vomiting. On physical examination all were wasted, had muscular hypotonia, and 
the urine contained a few leucocytes. He noted that the blood urea was frequently raised 
and that despite the presence of leucocytes in the urine there was no response to orthodox 
treatment for pyelitis. The ages at death varied between 5 and 11 months, and all six 
patients apparently died from intercurrent infections. In discussing the aetiology of this 
condition he stated that there was no evidence of excessive dosage with vitamin D. It is 
possible that cases described as vitamin D poisoning by Putschar® and Thatcher® *° were 
also of the same type, the evidence for hypervitaminosis given by these authors being 
very slight. It is of interest that one of Lightwood’s original cases had an estimation of 
the plasma bicarbonate and chlorides done by Payne as early as 1933. Though the results 
were not put on record, a low plasma bicarbonate (3.2 mEq./l.) and raised plasma 
chloride (122 mEq./l.) were found, changes which are now recognised as characteristic 
of infantile renal acidosis. Butler et al.1* were the first to report hyperchloraemic acidosis 
in infants showing the same symptoms and morbid anatomy as Lightwood had described. 
Their report concerned four cases, the two youngest being, on admission to hospital, only 
2 weeks and 7 weeks of age, respectively. They noted that the urine was acid in two 
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untreated cases. The plasma bicarbonate was reduced in the three patients in whom it was 
measured ; in these alkali therapy was tried but all died. At autopsy there was calcification 
in the medullae and occasional deposits of calcium in the proximal convoluted tubules. 
Lightwood, MacLagan and Williams** reported an infant with persistent acidosis and the 
clinical picture which Lightwood had previously described; in the plasma the chlorides 
were elevated and the bicarbonate reduced. This child made a complete recovery without 
treatment with alkalis, and at 15 years she was a healthy adolescent. 

In an article discussing the clinical aspects of acidosis and alkalosis, Hartmann’* de- 
scribed the case of a four months old child who had developed normally until the age of 
2 months when anorexia, vomiting and “dyspnoea” developed. Hartmann found a much 
lowered plasma bicarbonate with a plasma pH of 7.2. He also made the important ob- 
servation that before treatment the pH of the urine approximated to that of the plasma. 
He then gave sodium lactate and, after seven months when this was stopped, the urine 
reverted to a normal (acid) pH, the plasma bicarbonate stayed at a low normal 
level (19.5 to 20 mEq./I.), and the infant recovered. This appears to be the first case 
in the literature of renal acidosis in which the importance of an alkaline urine was recog- 
nised and also the first occasion on which adequate treatment with alkalis was carried out. 

Albright"* +> and his associates published in 1940 and 1946 the first studies on adult 
cases of hyperchloraemic acidosis. The majority of them had medullary renal calcification 
(nephrocalcinosis) and radiologically either rickets or osteomalacia. In a series of meta- 
bolic experiments they clarified the chemical pathology of the condition and put the treat- 
ment on a more scientific basis. Albright postulated that the condition was caused by a 
renal tubule defect, namely, inability to make ammonia and to retain base, with conse- 
quent loss of sodium, potassium and calcium. The first adult case to appear in the English 
literature was described by Baines, Barclay and Cooke.’* This was a woman of 29 years 
with a history of ureteric colic, and polyuria and thirst dating back to the age of 10 years. 
Radiologically there was diffuse calcification of the renal medullae, but the skeleton ap- 
peared normal. Hyperchloraemic acidosis was demonstrated; the urine varied between 
pH 6.7 and 7.1, and on a ketogenic diet with ammonium chloride the pH of the urine 
was only depressed to 6.3. Moreover, a urea clearance gave a figure of 45% of normal 
—additional evidence of renal insufficiency. She improved on a sodium citrate-citric acid 
mixture but later died, apparently from a reaction to sulphathiazole. The histology of the 
kidney, only briefly described in the original report, has since been more fully described 
by Govan.1’ The pelves and ureters of both kidneys contained numerous calculi with 
evidence of chronic urinary obstruction. There was hyaline obliteration of some of the 
glomeruli; also swelling and vacuolation of the cells of the proximal convoluted tubules. 
Though most of the intrarenal calcification was in the collecting tubules, small areas of 
calcification were also present in the proximal convoluted tubules and in the ascending 
loops of Henle. Govan considered that calcification of the contents of the collecting 
tubules probably occurred first but that calcification of the epithelial cells sometimes fol- 
lowed. He suggested that the calcified material was extruded from the tubule by growth 
of the epithelium over it, thus accounting for the masses of calcified material frequently 
found in the interstitial tissues surrounding the tubules. Govan attached much significance 
to the vacuolation of the proximal convoluted tubules, suggesting that the appearance 
might mean a functional disability of this part of the kidney. However, this case was not 
only very chronic, with evidence of urinary obstruction, but had died of a possible reac- 
tion to sulphathiazole. 
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MATERIAL AND METHODS OF INVESTIGATION 


The present study began with the observations of Lightwood.” * Then, after the war, partly as a 
result of Albright’s work on the adult type of case, the authors gave more attention to the chemistry 
of infants showing the clinical picture described by Lightwood. Studies started in 1946 have been 
continued up till the present date. By the end of 1952 35 cases had been studied at The Hospital for 
Sick Children, London. 

Aetiology: Sex.—There were 23 males and 12 females in these cases. 

Family Histories: These showed no evidence of consanguinity, nor was there any proved instance 
in which more than one case occurred in the same family. 

Case Histories: An analysis of the antenatal and postnatal histories showed no significant features. 
Except for one, all the pregnancies were normal and there were no premature infants in the series. 
The authors did not find sufficient evidence to indicate that the condition is inherited or familial, 
dependent on faulty feeding, or the result of any agent known to cause renal damage. There were 
no cases associated with an abnormally high intake of vitamin D. Sulphonamide had been given in 
only one case and then only for a short time. Another substance potentially toxic to the kidney is 
mercury. This is a major component of most of the proprietary teething powders used in England 
(Craig) and is almost invariably given to infants and small children who show any symptoms which 
may reasonably, or often unreasonably, be attributed to teething. In 16 cases in which accurate infor- 
mation was available, in 7 cases mercurial powders had been started after the onset of symptoms, 
and there were 2 cases in which no teething powders had been given at any time. In the re- 
mainder the powders were given apparently before the onset of definite symptoms, but in no instance 
was an excessive amount of mercury given. 

Clinical Symptoms: In most of the patients the symptoms came on insidiously between the age of 
6 and 9 mo. The majority of the infants made gocd progress initially and then ceased to thrive and 
became apathetic. The duration of symptoms before admission to hospital varied and the age of 
admission to hospital was between 6 mo. and 2 yr., most of the patients coming under the authors’ 
care in their twelfth month (chart 1). Failure to thrive over a considerable period was a constant 
symptom and often there was actual loss of weight. With few exceptions, the mother had ncticed 
that her baby had lost appetite so that the feedings were seldom finished. At first ‘‘teething’’ was often 
blamed for the failure to thrive, or perhaps the feeding was thought to be unsuitable. In many pa- 
tients vomiting had occurred at irregular intervals. There was also constipation, the stools being 
hard and small. A less constant symptom was a change in temperament characterized by apathy 
or irritability, but a number of acidotic infants remained happy and contented in spite of anorexia 
or vomiting. Thirst and polyuria were rarely noted by the mothers, probably on account of the age, 
since it was found that the average mother is only likely to notice a pronounced degree of thirst and 
polyuria. In the adult type of renal acidosis thirst and polyuria, being easily noticed by the patient, 
are usually recorded. 

The symptoms usually noted in infants with renal acidosis are common in an outpatient depart- 
ment and far from pathognomonic, and to make the diagnosis less easy there are usually no physical 
abnormalities (chart 2). 

In mild cases there is no great disturbance in the physical state and it is only the failure to gain 
weight which causes anxiety. In more severe cases, the infant is obviously wasted, often listless and 
there is considerable hypotonia of the skeletal muscles. There is a loss of tissue turgor, the skin may 
be inelastic and there is a loss of its normal healthy appearance. Hard faecal masses are often to be 
felt in the abdomen or per rectum. In severe cases there is more dehydration and fever may be noted. 
Occasionally the infant is almost moribund from acidosis and dehydration. Although Hartmann and 
others have reported hyperpnoea, it was usually absent in this series. It was noted that the patients, 
while often ready to drink simple fluids, refused semisolid or solid foods. If solids were pressed 
vomiting was apt to result, though it also occurred spontaneously. It is important to note that rickets 
is not a Clinical feature of the disease and radiologic evidence of this occurred only once in this 
series (chart 3). 

Blood Chemistry: In a suspected case, blood was usually taken for analyses of plasma bicarbonate 
and chloride and blood urea, and when possible for estimations of serum calcium, inorganic 
phosphorus, sodium and potassium. The ease with which a serum chloride estimation can be made 
suggested that this might prove a convenient screening test. It was found, however, that many infants 
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suffering from conditions other than renal acidosis have high serum chlorides, especially when first 
seen; moreover, 4 cases of renal acidosis had no elevation of serum chlorides on the first examination. 
On fuller investigation the plasma chloride before treatment was raised above 108 mEq./I. in all but 
2 cases, and in no case was the diagnosis accepted unless the plasma bicarbonate was below 19 
mEq./1.* 

The blood urea was estimated on admission in 20 cases and was found to be raised above 40 mg./ 
100 cc. in 12 cases. When raised, the initial value was usually between 40 and 80 mg./100 cc. but 
one patient suffering also from gastroenteritis had a blood urea of 270 mg./100 cc. on admission; 
this fell rapidly to normal on rehydration. Only 2 patients were found to have a blood urea above 
45 mg./100 cc. on discharge, one of whom was still acidotic but has since made a complete recovery, 
and the other being complicated by hypercalcaemia (charts 4 and 5). 


* Readings of serum chlorides obtained from finger or heel puncture are 3 to 5 mEq./l. higher 
than the plasma chlorides. 
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Changes in Urine: The urine in the majority of cases is alkaline to litmus paper, with a small 
amount of protein present (10 to 40 mg./100 cc.). Microscopic examination of the deposit after 
centrifuging the urine shows 5 to 10 WBC/hpf and occasionally epithelial cells or granular casts. 
In 10 cases the urine was sterile on culture; in the remainder mild infections were present which 
in nearly every instance cleared up without specific treatment. - 

From the diagnostic point of view the pH of the urine is of extreme importance, but interpretation 
of the results requires some care. A detailed analysis of the urinary findings on admission showed 
that out of 35 cases, 23 had alkaline urine, 5 neutral and 7 acid urines. Those patients with an acid 
urine tended to be more ill and dehydrated than the average, but the urine became alkaline when 
they had been adequately hydrated (chart 6). Also, more accurate examination of the urine with a 
glass electrode showed that the acid specimens were never as acid as would be expected from the 
degree of acidosis present. For example, a normal infant can produce a urine with pH between 4.8 
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CuartT 4. Distribution of serum or plasma chloride values before treatment. 


to 5.0 after an acidosis induced by ammonium chloride, while the most acid urine found in a case 
of renal acidosis was 6.02. Most of the urine specimens had a pH of between 6.8 and 7.2, the most 
alkaline specimen examined having a pH of 7.58. It should be pointed out that these estimations 
were done on fresh specimens equilibrated with alveolar air, as for the estimation of plasma bicar- 
bonate by the Van Slyke method. It appears therefore that the urine is usually a little more acid, 
but probably never more alkaline than the blood pH. 

The specific gravity of the urine was usually between 1005 and 1010, showing considerably less 
variability than that found in a group of normal controls of comparable age. 

Other Biochemical Results: The serum calcium was estimated in 20 cases and was normal in 18. 
Of the 2 cases with abnormal findings the calcium was raised in one atypical case (14.7 mg./100 cc.), 
and lowered in one case; in the latter it soon rose to normal. Whole blood inorganic phosphorus was 
estimated in 17 cases and was less than 4.0 mg./100 cc. in 5, one of these cases being that with 
radiologic signs of active rickets. The alkaline phosphatase was estimated on 7 of the patients and 
was always within the normal range. 

Further biochemical studies showed that the serum sodium tended to be high in a few cases ad- 
mitted with dehydration, but it became normal after hydration. The serum potassium was estimated 
in 18 cases; 13 were within the normal range, 2 were below, one of these patients being severely 
acidotic, the other having gastroenteritis. 
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35 CASES Radiology: Radiology occupies a relatively unimportant 
place in the diagnosis of infantile renal acidosis, partly be- 
cause the absence of demonstrable nephrocalcinosis does not 
exclude the diagnosis, and partly because there are a number 
of other conditions which cause a similar radiologic appear- 
ance. 


oa The radiologic findings in these cases are summarised in 

«al table 1. When present, nephrocalcinosis was bilateral and ap- 

18 proximately equal on the 2 sides; there was no evidence of 

—_ calculi. Evidence of a varying degree of renal calcification was 

16” found in 13 of the 35 cases. In the more advanced cases fine 

al particulate deposits with a “finger print’ appearance could be 

seen in the medullary regions; 7 cases showed this appear- 

147] ance. Six others showed calcification of a lesser degree, the 
-_ 


medullary areas having a faint “‘ground-glass” appearance. It 
may be of significance that 2 out of the 3 cases with the 
heaviest calcification were among the older children in the 
series, being admitted to hospital at the ages of 18 mo. and 
2% yr., respectively. 

The deposition of calcium in the medullary region proba- 
bly results from 2 factors: acidosis tending to mobilise cal- 
cium and thus to increase its concentration in the urine, and 
the alkalinity of the urine, favouring calcium precipitation as 
the urinary concentration increases during the passage down 
the tubules. 

As a routine, the wrists and long bones were x-rayed; 
rickets was present in one case and lines of arrested growth in 
2 others; otherwise there were no significant changes. 

Differential Diagnosis: The main symptoms of infantile 
renal acidosis (anorexia, vomiting, constipation and failure to 
gain weight) are found in a variety of conditions, including 
OH errors in management, underfeeding, difficulties in weaning 

10 20 30. and organic diseases of various types, including congenital 


abnormalities of the oesophagus, pyloric stenosis, coeliac dis- 


PLASMA BICARBONATE ease, acrodynia, tuberculous meningitis and lead poisoning. 


‘ There is a real possibility of confusing renal acidosis with 
IN M.£0./LITRE. 


pyelitis. This is because the urine in renal acidosis often con- 
bap nd tains a few leucocytes, and unless great care is taken in col- 
NORMAL lecting the specimen a sterile culture is not likely to be ob- 
tained. If such a mistake is made then the old treatment with 
CuHarT 5. Distribution of plasma bi- large doses of an alkaline mixture would benefit a true renal 
carbonate values before treatment. acidosis, whereas acidifying salts, such as ammonium phos- 
phate, could have disastrous results. Acute or persistent pye- 
litis has not occurred in these cases except for an occasional infection with Pr. vulgaris. 

Metabolic disorders primarily or secondarily involving the kidney may resemble the symptomatology 
and clinical findings in infantile renal acidosis. Of such conditions the most important is the group 
of cases described by Fanconi,” Freudenberg” and others. These cases present themselves with the 
clinical features of vitamin D-resistant rickets, chronic acidosis, amino-aciduria and glycosuria. 
Anorexia, loss of weight, and constipation usually develop at about the age cf 9 mo., often associated 
with rickets. Amino aciduria was not found in any case of infantile renal acidosis examined by chroma- 
tography. Another condition which on account of its symptomatology may be mistaken for renal 
acidosis is idiopathic hypercalcaemia (Lightwood™; Payne”). 

Vitamin D intoxication, though rare, must also be mentioned. It only occurs when large doses of 
vitamin D have been administered. The urine then contains casts and excessive quantities of calcium, 
while the serum calcium is raised; renal damage may be sufficient to cause a rise in blood urea, or 
even an acidosis with amino-aciduria (Fanconi and de Chastonay™). A somewhat similar picture is 
seen in a few cases of hypercalcaemia, attributed to primary hyperparathyroidism, in which death 


BEES Ses SS SS SS SER SS SS HS 






~y & A © OO ND 


NUMBER OF CASES 






































INFANTILE RENAL ACIDOSIS 635 


WEEKS 
o | 2 3 





URINE PH 


























{ 
ON LATER SPECIMENS 
ADMISSION IN ORDER OF TIME. 


CHART 6. pH of urine in 1st wk. after admission in 9 cases. 


from renal failure has occurred (Pratt,™ Philips™). 

It is important to bear in mind that other less common electrolyte disturbances of the body fluids 
in infancy and childhood may cause symptoms similar to those of infantile renal acidosis. Diabetes 
insipidus, though rare under the age of 2 yr., may occur, also a familial condition known as nephro- 
genic diabetes insipidus which is resistant to pitressin (Williams and Henry”). Both these conditions 
may show a hyperelectrolytaemia in which both plasma chlorides and bicarbonate are raised. 

Actually, the clinical history and the combination of a lowered plasma bicarbonate with hyper- 
chloraemia and alkaline or faintly acid urine constitute an almost unique state of affairs. Similar but 
less marked changes have only been described in cases of prolonged and severe hyperventilation 
(Rapoport ). 

Treatment: At the beginning of the study these patients were treated with a sodium citrate and 
citric acid mixture similar to that used by Shohl* and Albright,” i.e., containing 9.8 gm. sodium 
citrate and 14 gm. citric acid in 100 cc. water. The authors later altered the formula as follows: 
sodium citrate 10 gm., citric acid 6 gm., water 100 cc., because infants do not take the higher propor- 
tion of citric acid readily. 

As it is known that transient acidosis occurs in many acute diseases, treatment was not started 
immediately unless the infant was dangerously ill. After the dehydration had been overcome there 
was in the majority of patients an immediate improvement in the general condition. No further 
improvement was found except in a few mild cases which slowly returned to normal without any 
treatment other than expert nursing care. In all except these mild cases, an alkalising mixture was 
then used—in most instances an initial dosage of 15 cc. of the citrate-citric acid mixture 4 times 
daily. After 2 wk. the blood chemistry was re-examined and the dose adjusted. Any change of less 
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TABLE 1 


RADIOLOGIC EVIDENCE OF NEPHROCALCINOSIS IN INFANTILE RENAL ACIDOSIS 








Age at onset Age at Duration of 





‘ i i Degree of 
Case of symptoms diagnosis symptoms : , 
calcification 
(yr.) (yr.) (yr.) 
GROUP I. PARTICULATE CALCIFICATION (‘‘FINGER-PRINT’”’? APPEARANCE) 
B.E. 5/12 18/12 13/12 era 
PC. 13/12 2 yr. 9/12 or 
B.L. 7/12 1 yr. 5/12 Sa 
M.G. 9/12 1 yr. 3/12 2 
FA. 7/12 9/12 2/12 + 
K.W.* 7/12 8/12 1/12 + 
GROUP II. MINIMAL CALCIFICATION 
(a) “ground-glass” appearance : 
TH. 6/12 13/12 7/12 Minimal 
(3 SR 2/12 5/12 3/12 . 
FR. 23-12 4/12 13-12 : 
P.W. 5/12 4/12 1/12 . 
Y.W. 43-12 9/12 43-12 * 
RS. 5/12 9/12 4/12 . 
(b) Minimal particulate calcification of uneven distribution 


2/12 7 





M.K. 6/12 8/12 








* Complicated by hypercalcaemia. 


than 10 cc. of the solution/day is ineffective. It has been found that satisfactory improvement in the 
general condition seldom occurs unless the plasma bicarbonate is kept above 18 mEq./I. It appears 
safer to aim at a normal gain in weight and a plasma bicarbonate between 18 mEq./I. and 22 mEq./I. 
than to try to achieve complete biochemical normality. 

Once improvement has begun the results are usually striking: the anorexia and vomiting disappear 
and the weight begins to increase steadily. The infant is sent home when gaining steadily in weight 
and the mother told to bring him back should vomiting recur. A graduated measure is supplied and 
the solution is dispensed “ready to use’ requiring no dilution before use. The infant is then seen 
at monthly intervals. 

The decision to stop treatment is not easy. The authors have followed 2 criteria: first, the child 
should be gaining weight normally and, secondly, the plasma bicarbonate should have been above 20 
mEgq./l. for at least 3 mo. When it is considered wise to start reducing the dose of alkali, it is halved 
for 2 wk. before the next monthly visit and then the blood chemistry is checked; if this is satisfactory 
the alkali is omitted for 2 wk. before the next visit; at this visit the blood analysis is repeated and 
the pH of the urine examined. If the results are normal the interval between visits is extended but 
the patient is kept under observation. 

There are certain other practical points in the management of infantile renal acidosis which re- 
quire mention. On starting treatment the authors have noted that some patients show an initial rapid 
improvement in blood chemistry, followed shortly by a relapse into an acidotic state almost as severe 
as before treatment. If this occurs it is necessary to increase the dose until the acidosis is again con- 
trolled, but the alkali reserve must be watched because there is a possible danger of overshooting the 
mark and producing an alkalosis, particularly in patients whose plasma bicarbonate is about to rise 
spontaneously. It follows that the blood chemistry should always be repeated 2 or 3 times before 
discharge, and then at monthly intervals. The amount of citrate solution needed varies considerably, 
the minimum being 60 cc. daily and the maximum being 180 cc., the usual dosage being between 
80 to 100 cc. daily in divided doses (table 2). 

Mild diarrhoea sometimes occurs as a result of high sodium citrate intake, but usually stops if 
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TABLE 2 
CasEs OF INFANTILE RENAL Acmposis ADMITTED, 1946-1952 
(in order of admission) 
Age at Duration erentaen 

oF Age on daily 

Initials Year of onset of ses of treat- 
Sex pale admission dose of Result 
of case admission symptoms ment : 
rans (mo.) ion alkali 
in m.Eq. 

M.KE F 1946 8 10 13 20 Cure 
W.H. M % 5 8 22 25 . 
M.G. M . 9 12 32 120 . 
D.W. M 1947 9 12 2 90 . 
7. M . 43 64 9 20 ¢ 
E.A. F 1948 53 7 } 75 * 
M.B. F : 8 12 14 150 . 
BL. M . 7 12 7 120 : 
toe F 1949 from birth 5 15 150 * 
B.E. M . 5 18 9 96 i 
M.K. M s 6 8 9 160 = 
ps M . 18 19 8 120 ¢ 
P.A. M . 7 9 19 80 " 
ew M . 2 4} 7 45 * 
F.B. M * 10 12 20 100 3 
C.W. F . 2 53 12 120 — 
P.W. F ‘5 4 5 11 60 bs 
TH. M Ki 6 12 27 120 
P.M. M = 6 8 0 0 . 
ASS. F . 8 12 0 0 . 
PT. M 1950 6 10 0 0 
K.W. M . 7 8 5 60 a 
R.B. M 4 8} 9 9 60 ’ 
M.S. M * 6} 8} 9 120 z 
P.C. M “ 13 24 0 0 
LS: M . 8 10 10 112.5 5% 
M.D. M . 7 9 8 60 
Y.W. F 1951 4} 9 0 0 . 
S.M. F 5 12 0 0 : 
K.T M ’ 9} 10 12 180 Improved 
J.L. F . 6 9 0 0 Cure 
N.L-B M 1952 4 7 4+ 60 Improved 
T.M. M 8 10 2+ 60 “ 
R.S. F . 5 9 0 0 Cure 
A.J. F . 6 10 3+ 125 Improved 


* Complicated by alkalosis+status epilepticus. 
t Complicated by hypercalcaemia. 








the dose is reduced and then increased more slowly. Diarrhoea appears to be less likely if the citrate 
solution is given after feedings. Sodium bicarbonate or sodium lactate may be used instead of the 
citrate mixture. The duration of treatment varies considerably; the usual period is between 9 and 12 
mo., the shortest being 2 mo. and the longest 2 yr. 

Results of Treatment: Of the 35 cases in this series only 8 received no alkali. By the end of 1952, 
4 cases were still under alkali treatment and 23 had successfully been taken off treatment. Of 26 
cases in which sufficient data are available only 4 regained their pre-illness relationship to the mean 
weight curve (Gore and Palmer”) but 20 had resumed a weight gradient normal for their age and 
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sex. There was no obvious difference between treated and untreated cases, but the untreated cases, 
with one exception, were carefully selected on account of the mildness of the condition. 


DISCUSSION 


Evidence has been presented in this paper that infantile renal acidosis is a clinical en- 
tity with characteristic symptoms and biochemical findings. There are other conditions 
in infants in which similar symptoms occur and there are also conditions in which there 
are somewhat similar changes in the blood chemistry, but there is no condition known 
to the authors in which the clinical picture, the chemical changes and the urinary changes 
are all found at the same time. 

Can any of the symptoms be attributed to acidosis per se? There is much evidence that 
acidosis can result in water depletion (Goodman and Gilman*°) largely by causing poly- 
uria. Such a prolonged acidosis as occurs must lead to a reduction in the intracellular 
potassium and water (Darrow and Yannet*!) causing loss of weight and diminished 
tissue turgor. Dehydration of this type is not necessarily associated with haemoconcentra- 
tion unless there is also an acute loss of fluid through vomiting. As regards the cause of 
the vomiting, this too may be the result of acidosis but it is difficult to prove. There is 
much clinical and experimental evidence that acidosis can be associated with vomiting, 
for example, the vomiting in diabetic acidosis, uraemic acidosis and in the acidosis of 
ammonium chloride ingestion. Anorexia is an almost constant symptom in infantile renal 
acidosis even in the absence of vomiting. Anorexia is frequently, but not invariably, asso- 
ciated with other acidotic states. In spite of their anorexia infants with renal acidosis will 
take water readily because of their water depletion. In a similar way, lack of water ex- 
plains the hard stools and consequent constipation which so often characterize the disease. 
Under all these circumstances it is not surprising that the infant fails to thrive. 

What is the explanation of this persistent acidosis? Hartmann’® and later Stapleton** 
and Latner and Burnard** have shown that the cause must be a disturbance of the renal 
tubule function. Latner and Burnard, basing their work on Pitts’** methods, concluded that 
the lesion lay in the proximal tubule. The recent studies of Berliner and his colleagues** 
have, however, thrown some doubt on the validity of the deductions (Pitts**) which can 
be made from measurements of the CO, tension of the urine. It seems that in the present 
state of our knowledge it is not possible to determine the functions of the various parts of 
the tubule with certainty. 

There are several possible causes for this tubular dysfunction. The frequency of mild 
urinary infections and especially of pus or epithelial cells is probably due to the existence 
of deposits of calcium salts in the tubules which would create /oci minoris resistentiae. A 
chronic pyelonephritis has been suspected and acidosis is know: to occur in severe cases 
of pyelonephritis, but that these infants are not suffering from an active pyelonephritis has 
been shown by the persistence of the symptoms after the cure of a mild urinary infection 
and also by the disease occurring in the absence of any demonstrable urinary infection. 
Yet there is a theoretic possibility that a past infection may have selectively damaged the 
tubules. The authors have seen no evidence to support this possibility in the few examples 
they have been able to study post mortem. The after-history of pyelitis is usually com- 
plete cure but occasionally it progresses to terminal uraemia. In such cases apart from 
periods of active fever the blood chemistry during infancy does not show a persistent 
acidosis until the phase of terminal uraemia is reached. 

Damage by chemical substance needs to be considered. Large doses of certain sulphon- 
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amide derivatives act on the tubular epithelium and cause acidosis with an alkaline urine. 
In this series only one child had received sulphonamide prior to the development of symp- 
toms and the dose was not comparable in size to that which has caused experimental acido- 
sis in dogs. Among the heavy metals mercury in particular may damage the kidney. Under 
half of the patients had received any mercurial preparation before the onset of their symp- 
toms and in no case was the amount excessive. 

In acute dehydration the frequent finding of large numbers of epithelial cells in the 
urine is evident of renal damage but in no case in a large series of cases of acute gastro- 
enteritis with dehydration has any permanent renal damage been found. Furthermore, in 
none of these cases was there a history of previous acute dehydration. 

Persistent acidosis with failure to thrive is a frequent finding in infants who have 
amino-aciduria with or without cystinosis. In these infants it is reasonably certain that 
there is a genetically determined renal lesion. This persists and no examples of spontaneous 
cure have been reported. 

Albright** 15 has described cases in adults closely resembling these cases. The authors 
have observed a case of this type, a female with acidosis starting before the age of 3 years, 
who 14 years later still needs to take large doses of alkali to remain symptom-free 
(Payne*’). It is reasonably certain that the condition is due to aa inborn ox acquired lesion 
of the tubule (Govan’’). The salient feature of the authors’ group of children is the ulti- 
mate complete recovery. This feature distinguishes them from all the other recognised 
examples of long-standing tubule defects including Albright’s nephrocalcinosis. 

A possible explanation lies in functional immaturity of the kidney in infancy. Rubin 
et al.38 showed that there is great variability in the rate at which glomerular and tubular 
functions mature as measured by inulin and P.A.H. clearances. In general the glomerular 
function matures earlier. Information is lacking concerning the rate of development of 
the various parts of the tubule. If, in these cases, the ability of the proximal tubule to 
absorb bicarbonate preferentially to chloride, or the ability of the distal tubule to secrete 
hydrogen ions, matures later than normal and, in particular, later than the glomerular 
filtration function, then an increased output of bicarbonate would occur, and could cause 
acidosis. Such an unbalanced development would also account for the delay in appearance 
of symptoms until the fourth to sixth months and also for the ultimate recovery. 


SUMMARY 


Thirty-five cases of renal acidosis in infants are presented. Clinically there is failure to 
thrive with vomiting and obstinate constipation starting from the fourth to sixth month 
of life. Biochemically there is a hyperchloraemic acidosis with a neutral or alkaline urine. 
Radiological evidence of renal calcification was present in 13 of the 35 cases. 

The treatment is to give sufficient alkali (as citrate, lactate or bicarbonate) to bring the 
alkali reserve up to the lower limit of normal. The prognosis is good, cure resulting in all 
cases. 

The etiology and pathology has been considered ; it is suggested that the cause lies in an 
imbalance in the normal postnatal development of renal function. 


SELECTED CASE REPORTS 


Case 1: B.L. (male), born at full term weighing 3.5 kg. 
He was the first child. Mother’s pregnancy and delivery were normal. She fed him by the breast 
for 6 mo. when his weight was 7.3 kg., and weaning was started. At the same time he was vaccinated 
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and certain symptoms appearing 1 wk. later were ascribed by the parents to the vaccination “taking 
too well.’”” These symptoms were daily vomiting, failure to gain weight, constipation and refusal of 
solids. Milk and other fluids were often taken eagerly. These symptoms continued without significant 
change until he was 10 mo. of age and then began to abate but his weight made little progress. He 
was first brought to the hospital at 9 mo. of age. He was found to be small, wasted and somewhat 
dehydrated, weight 6.2 kg. The treating physician reported that his progress was painfully slow. He 
remained constipated but the vomiting decreased. When he reached his first birthday his weight was 
6.6 kg. Since no diagnosis had been made he was admitted for investigation. By that age he looked 
even more wasted than before. The muscles were flabby and faeces could be felt in the lower abdomen 
and in the rectum. He would drink but took no interest in solid food. B.P. 105/75 mm.Hg. Urine; 
alkaline, $.G. 1012, examination of deposit showed 10 to 20 leucocytes/hpf, numerous organisms and 
on culture B. proteus vulgaris. There was a slight precipitate with Sulkowitch’s test. Urinary mercury 
0.0047 mg./100 cc. He had received teething powders. He passed large quantities of urine and 
was unusually thirsty. Chemical examination showed the presence of hyperchloraemia and acidosis, 
which in conjunction with an alkaline urine, established the diagnosis of renal acidosis. Blood urea 
was 78 mg./100 cc. There was no hypercalcaemia nor other evident chemical abnormality. Roent- 
genogram of the kidneys showed bilateral medullary calcification. An intravenous pyelogram showed 
normal dye excretion. The skeleton was radiologically normal. : 

Progress: The dehydration was corrected but the symptoms did not begin to improve until he was 
given a sodium citrate mixture and with this satisfactory progress was made. His appetite improved, 
constipation disappeared and he gained weight. 

He was re-investigated at 19 mo. of age when his weight was 10.4 kg. At this time the dose of 
the sodium citrate mixture was gradually decreased and finally alkalis were stopped altogether. In 
spite of this his plasma bicarbonate level remained normal, and his urine became acid. He was seen 
again at the age of 5 yr. when he seemed a healthy boy, although the nephrocalcinosis could still be 
demonstrated radiologically, yet he had no urinary symptoms. (See chart 7.) 

Case 2: P.M. (male), born at full term weighing 2.9 kg. 

Mother’s pregnancy and delivery were normal and he was an only child. He was breast-fed for 
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CHART 7. Progress chart of Case 1. 
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CHART 8. Progress chart of Case 2. 


2 mo. and then partly breast-fed until 6 mo. of age, receiving in addition full cream dried milk and 
later Benger’s Food and Farex. The mother considered that he was doing well until he was 6 mo. of 
age although at that age his weight was no more than 6.0 kg. He then started to cut his teeth, 
became constipated and began to vomit about once a day, and for 2 mo. his weight was almost sta- 
tionary. His mother described him as being very thirsty but not hungry. He came under the authors’ 
care at the age of 8 mo. He was wasted and somewhat dehydrated weighing 5.5 kg. His tongue was 
dry and faecal masses were palpable in the descending colon. He was irritable at times but judged 
to be of normal intelligence. 

On admission he was found to have hyperchloraemia and acidosis. The urine was alkaline and 
contained 10 to 15 leucocytes/hpf with moderate numbers of epithelial cells and bacteria; Pr. vulgaris 
was grown on culture. There was no roentgenographic evidence of nephrocalcinosis and RGs of the 
long bones were normal. 

Progress and Treatment: Since this infant had a relatively mild degree of acidosis it was decided 
to observe his progress without alkalis. The fluid intake was increased and after the dehydration had 
been overcome the serum chlorides returned to normal. The urinary infection was treated with 
streptomycin. Though he continued to vomit at intervals his weight began to increase slowly, and the 
constipation improved. Two and a half months after coming into hospital his plasma chlorides and 
plasma bicarbonate had returned to normal and he was sent home. He has since gained weight 
normally and at the age of 3 yr., 9 mo. he had no symptoms; his weight was 15.7 kg. and height 
99 cm. (See chart 8.) 

Case 3: K.T. (male), born at full term weighing 2.9 kg. 

Mother’s pregnancy and delivery were normal; she had had one previous normal child. 

He was reared on full cream dried milk and weighed 5.4 kg. at the age of 5 mo. Mother said 
that he became difficult to feed at about 6 mo. old, taking orange juice and water better than milk 
At this time he became constipated and appeared thin. At the age of 8 mo. he started to cough and 
was admitted to hospital. Apart from malnutrition, bronchitis and bilateral otitis media nothing 
significant was found. When he was nearly 10 mo. old and weighed only 6.4 kg., he came into the 
care of one of the authors. His mother reported that he had a poor appetite but took fluids well. There 
had been vomiting, constipation and actual loss of weight. There was wasting and firm faecal masses 
were palpable in the lower abdomen. There appeared to be some polyuria. A presumptive diag- 
nosis of renal acidosis was confirmed by finding hyperchloraemia and an acidosis. 

Investigation: 1. Plasma chloride 116 mEq./l. Plasma bicarbonate 12.5 mEq./l. Blood urea 49 
mg./100 cc. Serum calcium 10.2 mg./100 cc. Inorganic blood phosphorus 3.2 mg./100 cc. 

2. Urine—Acid to litmus: protein 35 mg./100 cc. In the centrifuged deposit there were numerous 
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red cells and an occasional leucocyte. There was a moderate growth of Pr. vulgaris on culture. 

3. Roentgenograph of abdomen: no renal calcification. 

Course and Treatment: As there was a severe degree of acidosis he was treated with alkalis. The 
first treatment was with sodium citrate and citric acid mixture and the dose of this was steadily 
increased in order to correct the acidosis; after 4 wk. of treatment he was receiving 200 cc. daily. This 
dose caused the stools to be watery and it was found that only about half the sodium administered was 
being absorbed. Then a solution of sodium bicarbonate was given in an equivalent dose, i.e., 17.5 
gm. sodium bicarbonate in 24 hr. On this dose distension of the abdomen developed yet the plasma 
chloride and bicarbonate levels were barely kept within normal limits. When the sodium bicarbonate 
was increased to 18 gm./day, alkalosis developed with slowing of the respiration and a rapid pulse. 
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CHART 9. Progress chart of Case 3. 


The amount of sodium bicarbonate was reduced to 13.5 gm./day and this treatment was continued for 
some months. Four months after admission he had greatly improved. At this time molar sodium 
lactate solution, 180 cc./day, was substituted for the sodium bicarbonate. It was found that this was 
more satisfactory and gave greater stability. He left hospital at the age of 19 mo. weighing 11.3 kg. 
From time to time mild urinary infections needed treatment. Three months after discharge he was 
readmitted to hospital on account of an alkalosis, the plasma bicarbonate being 33 mEq./I., but there 
were no symptoms except irritability and loss of appetite. Treatment with sodium lactate was stopped, 
the plasma bicarbonate then fell to 17.2 mEq./I., and the urine became acid with a pH of 5.1. Sub- 
sequent progress was satisfactory and no further treatment was required. On discharge he had no 
symptoms and his appetite was good. Two months later his plasma bicarbonate was 20 mEq./I. and 
plasma chlorides 102 mEq./l.; he was well and cheerful and weighed 12.1 kg. at the age of 1 yr., 
11 mo. (See chart 9.) 
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SPANISH ABSTRACT 
Acidosis Renal Infantil 


Los autores utilizan este término para describir un cuadro clinico que se presenta principalmente 
durante los primeros 18 meses de la vida y se caracteriza por descenso del bicarbonato plasmatico, 
aumento invariable de los cloruros plasmaticos y orina alcalina, y ocasionalmente calcificacién difusa 
de la médula del rifién (nefrocalcinosis, que se ha descrito asociada a otros cuadros pero que difiere 
del tipo cortical de calcificacién difusa). 

Este articulo se iniciéd con los estudios de Lightwood sobre 6 casos encontrados entre 850 autopsias 
consecutivas y se reanudé después de la guerra. Para fines de 1952 los autores han observado 35 casos, 
23 del sexo masculino y 12 del femenino, sin antecedentes claros de factores hereditarios, familiares, 
nutricionales o quimicos lesivos al rifién, determinantes del cuadro. Los sintomas aparecieron in- 
sidiosamente entre los 6 y 9 meses de edad, inicidndose con falta de desarrollo, apatia y pérdida de 
peso, a los que se agregaban en ocasiones vémitos y constipacién e irritabilidad, sed, poliuria, o bien 
apatia e hipotonia marcada en los misculos esqueléticos, asi como deshidratacién, fiebre y acidosis. 
Desde el punto de vista de la quimica sanguinea se encontraron los cloruros del plasma previos al 
tratamiento arriba de 108 miliequivalentes, excepto en dos casos, y los bicarbonatos abajo de 19 
miliequivalentes, por litro. La urea sanguinea fue normal en 18 de 21 casos estudiados; el fésforo 
inorganico estuvo abajo de 4 mgrs. en 5 de 17 casos estudiados; la fosfatasa alcalina fue normal en 
los pacientes en que se analiz6; el sodio y el potasio sanguineos, de acuerdo con el grado de deshi- 
dratacién en que Ilegaron los nifios. 

La orina se encontré alcalina en la mayoria de los casos; en 10 el cultivo fué negativo y en el 
testo positivo a infecciones diversas ligeras. En los 7 casos con orina 4cida se observé mayor gravedad 
del padecimiento y mayor deshidrataci6n; al rehidratarse, la orina se torné alcalina. El ph de la orina 
en la mayoria de los casos varié de 6.8 to 7.8; su gravedad especifica entre 1005 y 1010. 

EI cuadro radiolégico, considerado de poca importancia diagnéstica por estos autores tanto porque 
la ausencia de las calcificaciones no excluye el diagnédstico como porque muchos otros procesos dan 
un aspecto radiolégico semejante, fue de calcificacién difusa, bilateral y simétrica en la zona medular 
de los rifiones, sin imagenes de cdlculos pero si de depésitos finos que daban aspecto de vidrio molido. 
Los autores creen que estos depédsitos calcicos dependen de dos factores: la acidosis que moviliza el 
calcio y aumenta su concentraci6n en Ia orina, y la alcalinidad de Ja orina que favorece la precipitacién 
del calcio. 

EI diagnéstico diferencial debe considerar diversos procesos: desnutricién, padecimientos organicos 
varios que incluyen anormalidades congénitas del eséfago y del piloro, la enfermedad celiaca, tuber- 
culosis, trastornos metabélicos, etc. 

Los casos estudiados fueron tratados con mezclas de citrato de sodio y acido citrico, rehidratacién 
adecuada y cuidados generales, vigilandose continuamente la quimica sanguinea para suspender el 
tratamiento alcalinizante. 

Segiin este cuadro clinico, los autores proponen que la acidosis renal infantil debe aceptarse como 
una entidad definida, con sintomas y quimica sanguinea caracteristicos; piensan que la acidosis 
provoca deshidratacién por Ja poliuria; un estado acidético tan prolongado Ileva a reduccién del 
potasio y del agua intracelulares, pérdida de peso y disminucién de la tonicidad tisular, dando un 
cuadro que se agtava al agregarse vémitos, anorexia y constipacién. La causa de esta acidosis tan 
persistente puede radicar en alteraciones de la funcién tubular del rifién, debidas a su vez a infecciones 
urinarias ligeras, lesiones por substancias quimicas, etc., que actdan sobre un rifién atin inmaduro a 
los 4 o 6 meses. La lesi6én tubular desapareci6 completamente con el tratamiento y la observacién, 
en los casos estudiados. 
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EXSTROPHY OF THE CLOACA 


By HENRY Swan, M.D., AND Scotr P. CHRISTENSEN, M.D. 
Denver 


XSTROPHY of the bladder complicated by intestinal openings is a rare congenital 

anomaly which is uniformly fatal in the neonatal period. The incidence of exstrophy 

of the bladder has been placed at about one in 40,000 to 50,000 births. The occurrence 
of the additional intestinal anomaly is such that only a few cases are reported.'+? 

The Colorado General Hospital has had three cases of exstrophy of the bladder with 
associated intestinal openings admitted to the surgical service in the past three years. The 
most recent case underwent surgery to correct the alimentary tract defect and was the 
subject of careful observation. It is the purpose of this paper to add these cases to the 
literature and to indicate a possible surgical approach to this heretofore universally fatal 
congenital anomaly. 

Case REPORTS 


Case 1. Baby girl N., a 1.9 kg. premature infant, was admitted to the Colorado General Hospital 
3 days after birth with a diagnosis of exstrophy of the bladder. Physical examination revealed a large 
anterior body wall defect below the umbilicus with 2 areas of urinary bladder mucosa, each contain- 
ing a ureteral orifice which discharged urine. Between the 2 patches of bladder mucosa was pro- 
lapsed bowel mucosa which was seen to discharge gas and feces. There was a fusion defect of the 
pubis and a spina bifida. The only recognizable external genitalia were small labial folds. There was 
no anal opening. 

The course of the infant was downhill and the only therapy was prophylactic chemotherapy and 
supportive measures. On the 11th hospital day, the infant died. 

Postmortem examination confirmed the findings as noted on physical examination. In addition, the 
small bowel was found to be continuous with the abdominal intestinal opening. A distal blind pouch 
extended into the pelvis from a second opening in the exposed bowel mucosa on the anterior 
abdominal wall. This was thought to represent the large intestine. (See Fig. 1B.) In addition, a 
bipartate uterus was found but no vagina could be identified. Microscopic studies were inadequate 
in this case but the bowel in the exstrophied region exhibited a co-mingling of ileal and colonic 
mucosal structures, both villi and goblet cells. 

Case 2. Baby girl D., a 1.5 kg. premature infant, was admitted to Colorado General Hospital 
the day of birth, having been the larger of a set of twins born at home unattended. The other twin 
was stillborn and no deformities were noted. 

Physical examination revealed an omphalocele which merged below with a defect of the anterior 
abdominal wall. This defect was composed of 2 areas of exstrophied bladder mucosa, each exhibiting 
a ureteral orifice. Between the areas of bladder mucosa, there was an area of prolapsing bowel mucosa 
with one patent lumen. There was no anal opening and the external genitalia were represented only 
by 2 widely separated labial folds. 

Clinical Course: The day after admission, the omphalocele was closed and the infant did well. 
On the eleventh postoperative day the repair partially separated but no herniation occurred. The baby 
continued te do well until the sixteenth postoperative day when she suddenly became cyanotic and 
developed gross irregularities of the heart. She died 3 hr. later. 

Autopsy: On gross examination no distinction between large and small bowel could be made 
and the appendix was absent. The distal small bowel communicated with the prolapsed segment in 
the anterior abdominal wall defect as described on physical examination. Adherent to the floor of 
the pelvis was a “U’-shaped pouch closed at both ends with no communication with the proximal 
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Fic. 1. A. Diagrammatic representation of defects found in Case 3. B and C represent Cases 1 and 
2, respectively. 











(a). Ligated umbilical cord 

(b) Prolapsing small intestine 

(c) Exstrophied proximal large bowel 

(d) Distal large bowel 

(e) Terminal small bowel 

(f) Duplication of large bowel (Case 3 only) 


bowel. Its lining resembled large bowel mucosa with many mucus-filled goblet cells seen on micro- 
scopic examination. (See Fig. 1C.) The ureters communicated with exstrophied bladder, one to 
either side of the central bowel defect, and were patent. The uterus was bicornate and the tubes and 
ovaries were present. No vagina could be found. Microscopically, the urinary bladder showed areas 
denuded of epithelium and replaced by granulation tissue, and other areas of squamous metaplasia. 

Case 3. Baby boy K., a 2 day old infant, was admitted to the Colorado General ‘Hospital. Below 
the umbilicus there was a red protruding mass of tissue extending to the perineal region (Fig. 2). 
The central portion of this mass exhibited an upper prolapsed structure which expelled gas and 
feces from its lumen. Below this there was a second smaller opening, identified as a second (probably 
distal) bowel opening. Flanking either side of the central mass was a less protuberant and some- 
what paler portion which had a rather polypoid surface. The left lateral mass had an orifice near its 
inferior extension from which urine flowed periodically. The right lateral mass was often quite wet 
but no orifice or urinary flow was actually noted. The lateral masses were identified on gross exami- 














EXSTROPHY OF THE CLOACA 647 





Fic. 2. Abdominal wall defect in Case 3 with exstrophied bladder flanking protruding exstrophied 
large bowel. Prolapsing ileum is seen at upper end of defect. 


nation as exstrophied urinary bladder. At the lower margin of each lateral mass was a polypoid mass 
on a stalk, thought to represent a malformed prostate. 

Extending from the lower margin of the exstrophied bladder was an epispadius. Below this a 
cutaneous pouch with rugal folds suggested a scrotum. No other external genitalia could be identified. 
The anus was absent but was represented by a dimple in the skin. The pubic rami were widely 
separated. 

On the day of admission the infant was taken to the operating room and the peritoneal cavity 
entered by incising along the junction of the exstrophied bowel with the surrounding exstrophied 
bladder. The distal end of small bowel was found entering the exstrophied bowel at its cephalic end 
and was the prolapsed portion noted on physical examination. This appeared to be terminal ileum 
and the exstrophied segment suggested proximal large bowel. No appendix was apparent. A limb 
of bowel was also found at the caudal end of the defective portion of bowel. This extended from the 
inferior bowel opening noted on physical examination and continued into the pelvis where it ended 
as a blind pouch. 

Adjacent to the blind pouch in the pelvis and anterior to it was another structure which was a 
completely enclosed hollow organ with no apparent communications, considered to be a duplication 
of large bowel. It was excised for microscopic study. (Fig. 1A.) 

Repair of the defect in the bowel was then undertaken. The exstrophied portion was excised 
(Fig. 3) and the afferent and efferent loops of bowel anastomosed. The blind end of the distal loop 
was then opened and brought through an opening which was made in the perineum and placed in 
the center of the anal dimple. This was sutured in place, approximating mucosa to skin. 

The peritoneal cavity was then closed by approximating the medial margin of each half of the 
exstrophied bladder where the exstrophied bowel had been removed. 

The resultant situation then appeared to be an exstrophy of the bladder with a repaired imper- 
forate anus (Fig. 4). In addition, of course, the exstrophied bowel had been excised and continuity 
of the alimentary tract established. 
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Fic. 3. Surgical specimen with terminal ileum shown on right, distal colon on left and exstrophied 
proximal colon shown in center, fringed by bladder. 


Microscopic examination of the surgical specimen revealed the exstrophied portion to be large 
bowel whereas the short segment of prolapsing bowel proximally was small intestine. 

The infant was put on heavy antibiotic therapy. Oral fluids were withheld until the second post- 
operative day when water by mouth was allowed. At about this time the patient appeared slightly 
edematous and slightly jaundiced. Urination continued but there were no bowel movements. Intestinal 
motility did not return, and he died on the sixth postoperative day, approximately 5 min. after a 
blood transfusion, with terminal vomiting and aspiration. 

Autopsy Examination: The general appearance at autopsy was essentially that as described above. 
In the peritoneal cavity there was a fibrinous generalized reaction but no frank pus. The bowel 
anastomosis was intact except for a small point at the site of one suture with an adjacent plaque of 
fibrin. This may have been a point of leakage. The remainder of the bowel appeared normal though 
no distinction between large and small bowel could be made. 

The kidneys appeared to be normal. The left ureter was patent and opened onto the left side of 
the exstrophied bladder among the hypertrophic folds of bladder mucosa. The right ureter had a 
small lumen which opened onto the right side of the exstrophied bladder. 

In the retroperitoneal space on either side of the pelvis, near the internal ring, were structures 
which resembled testicles with the gubernaculum extending into the inguinal canal. 

Heart exhibited a patent foramen ovale which was almost closed and there was a moderate-sized 
patent ductus arteriosus. 

Lungs were moist and mottled on cut surface and did not float. 

Microscopically, the bowel sections examined all exhibited serosal evidence of the generalized 
peritonitis. The ileocolic anastomosis verified the approximation of small bowel to large bowel. The 
urinary bladder had a papillary surface covered with transitional epithelium and was edematous, 
hyperemic and contained scattered foci of hemorrhage, lymphocytes and neutrophiles. In a section 
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Fic. 4. Postoperative photograph showing residual exstrophy of bladder with central, longitudinal 
suture line barely visible. Imperforate anus has been repaired with restoration of continuity of 
gastrointestinal tract. 


from the polypoid base of the bladder a small remnant of prostate was identified. Kidneys and ureters 
were normal. 
DIscUSSION 


These three cases were remarkably similar (Fig. 1) and conform to the pattern of 
the few previously reported instances of this anomaly. The embryology of exstrophy of the 
bladder alone is not clearly understood though several theories have been put forth and 
are discussed in the studies and reviews of this subject by many authors since the turn 
of the century.*-* That an arrest occurs in the ingrowth of the mesoderm into the lower 
abdominal wall seems to be the most plausible explanation of the defect seen in pure 
exstrophy of the bladder. The additional anomaly described in this paper, that of intestinal 
openings on the lower abdominal wall flanked on each side by one half of the exstrophied 
bladder, further complicates the problem. 

The authors’ first thought was that the bowel portion of the defect represented rectum 
or rectosigmoid and for this reason they coined the term “exstrophy of the cloaca.”” How- 
ever, the clear demonstration by microscopic evidence that the portion of the bowel ex- 
posed is the area of fusion of small and large bowel (cecum) and that a distal (blind) 
segment of large bowel existed in each case made this simple, and at first, plausible 
explanation appear to be untenable, since it has heretofore not been thought that cecum 
at any time in its development constitutes a portion of cloaca. 

Nonetheless, it seems that this defect must arise as a result of failure to separate bowel 
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from urogenital sinus as well as failure to form anterior abdominal wall. A mass of 
mesoderm known as the urorectal fold normally grows in from each side during the 
sixth and seventh weeks of life, separating bowel from urogenital sinus. Elongation of 
the bowel (hindgut) is occurring at this time. The cecum is first recognizable at the 
sixth week;’ its previous position is uncertain. This combination of events appears to 
place the time of the development of this anomaly before the seventh week, and probably 
in the fourth or fifth week. If that portion of bowel which eventually becomes cecum 
is at this early date a portion of cloaca, an explanation for the anomaly can be given. The 
cloaca becomes exstrophied due to failure of growth of the urorectal fold and abdominal 
wall; the hind-gut elongates distally rather than proximally and constitutes the short 
blind pouches found in these children. (The urorectal fold in this case would perhaps 
be more accurately called urocolonic. ) 

It is recognized that this explanation is at some variance with current theories regarding 
the development of rectum and bladder from cloaca. The authors feel, however, that in 
view of the clearly proved fact that in these three children a portion of bowel which was 
the most proximal part of large bowel was found wedged firmly between two segments 
of laterally placed bladder forces a re-examination of the embryologic development of 
these structures. On the basis of these considerations, the term ‘‘exstrophy of the cloaca” 
is proposed for the anomaly, until a better embryologic theory is put forward. General 
acceptance of such terminology would have the merit of making future reference to 
this complicated condition less cumbersome and would give it distinction from simple 
exstrophy of the bladder. 

It is the authors’ belief that a multiple stage surgical approach to this anomaly gives 
promise of success. In the third patient failure was experienced because of partial dehis- 
cence of a suture line with resulting peritonitis. The proposed operative program, how- 
ever, is believed to be sound. That program is as follows: Stage one is the attempt to 
restore continuity to the gastrointestinal tract. In this attempt, the exstrophied portion 
of bowel is resected and proximal small bowel is anastomosed end-to-end to the distal 
short pouch of large bowel. The distal end of the pouch is now brought out through the 
’ anal dimple as in the usual repair of imperforate anus. The two patches of bladder mucosa 
are sewed together in the midline to reconstitute an anterior covering for the peritoneal 
cavity and to form a single bladder. The child should now be in the situation of having 
exstrophy of the bladder, with a repaired gastrointestinal tract. Rectal sphincter function 
will be of obvious great importance in the future management of the condition. A year 
or two may now be allowed to elapse before decision is made concerning the management 
of the urinary and genital tracts. This decision will rest largely on the anatomic factors 
involved and the state of the function of the anal sphincter. Obviously, with a poorly 
functioning sphincter, bladder excision with uretero-colic transplants would be undesirable, 
and some other method of creation of a urinary pouch or container would be considered. 
The existing exstrophied bladder might be used for this purpose or a segment of bowel.® 


SUMMARY 


Three newborn premature infants were seen with an unusual and extensive congenital 
abnormality involving bowel, urogenital tract, bony pelvis and anterior abdominal wall. 
The term exstrophy of the cloaca is suggested as a simple term for a complex situation. 
The embryologic development of this anomaly is discussed. Any satisfactory explanation 
must explain interposition of cecum between a bipartate bladder. It is possible that current 














EXSTROPHY OF THE CLOACA 651 


theories regarding the development of the cloaca must be revised in the light of these 
observations. 
A plan for the surgical correction of this anomaly is presented. 
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SPANISH ABSTRACT 


Extrofia de la cloaca 


La extrofia vesical complicada con extrofia intestinal se considera una anomalia congénita fatal 
en el periodo neonatal con una incidencia de 1 en 40 a 50,000 nacimientos. Los autores creen de 
interés presentar los tres casos observados en su hospital tanto por la escasez de comunicaciones al 
respecto como para presentar un procedimiento quirirgico que puede modificar la mortalidad por 
esta anomalia congénita. En los tres pacientes la extrofia vesical se acompafié de aberturas intestinales 
en el hipogastrio; se pensé que el defecto intestinal se debia a extrofia del recto o del sigmoides por 
lo que se aplicé el término de “‘extrofia de la cloaca.” Sin embargo microscépicamente la porcién 
de intestino expuesto correspondia a ciego, al que se acompafiaba un segmento distal de intestino 
grueso. 

Los tres casos fueron nifios prematuros y presentaron una anormalidad congénita que incluia 
intestino, vias urogenitales, hueso iliaco y pared abdominal anterior. 

Se discute el desarrollo embriolégico de la anomalia y se presenta un plan quirurgico para 
corregirla. 


4200 East Ninth Avenue 








STUDIES OF TERRAMYCIN IN PREMATURE INFANTS 


By FiscHEL J. Coopin, M.D., C.M. 
Winnipeg 


HE discovery that vitamin B,, stimulates rapid growth in young animals has 

prompted several studies to determine its effect upon the weight gain of premature 
and newborn infants. These reports'-* are disappointing in that no significant increase in 
rate of weight gain or length gain were noted. With the advent of the use of antibiotics 
in small doses as growth stimulants in animals, it was felt that a trial of these substances 
in human infants was warranted. The only report of such studies to be found in the 
medical literature is that of Perrini,t who fed 10 “premature” infants (2000 to 2800 gm.) 
with aureomycin 25 mg./kg./day in divided doses mixed in the infants’ formulae. As 
controls he used 23 premature infants of comparable weight and age. However, he treated 
and followed his infants for a period of only 10 days, during which time he noted a 
greater weight gain in the treated than in the control group. 

This study of the effectiveness of terramycin* as a growth-stimulating factor in prema- 
ture infants was made in the premature nurseries and laboratories of the Margaret Hague 
Maternity Hospital between Nov. 15, 1951 and March 22, 1952. 

All premature infants (birth weight 2500 gm. or less) admitted to the nurseries were 
placed in one of two groups. Alternate admissions, without regard to sex, color, birth 
weight, or other factors, were started on terramycin 25 mg. by mouth in a single daily 
dose, dissolved in one of their feedings, from the first day after birth until the time of 
their discharge from the nursery. The other infants were used as controls, receiving ex- 
actly the same care without the addition of terramycin. 

A total of 156 premature infants were originally included in the study, of whom 77 re- 
ceived terramycin and 79 did not. All infants who died, or whose stay in the nurseries was 
seven days or less, were eliminated from the study, leaving a total of 113 infants, 57 of 
whom received terramycin and 56 of whom did not. 

Table 1 summarizes the findings in the babies receiving terramycin, while table 2 sum- 
marizes the findings in the control series. Terramycin did not influence the rate of weight 
gain in the premature infants who received it. No toxic effects were noted in any of the 
infants receiving terramycin in the subtherapeutic dosage used. There was no vomiting or 
diarrhea. There was one case of “thrush” in the group of premature infants receiving 
terramycin and one case in the control group. Both responded to the conventional treat- 
ment with 1% aqueous gentian violet locally, the one case without even necessitating the 
discontinuance of terramycin. 

Blood levels were determined in a representative group of the babies receiving terra- 
mycin. The serial dilution method was used, the value determined by multiplying the 
highest dilution of the plasma which gave complete inhibition of the test organism by the 


From the Margaret Hague Maternity Hospital, Jersey City, N.J. 
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(Received for publication June 2, 1953.) 

* Terramycin used in this study was provided through the kindness of Dr. William Farley of 
Charles Pfizer, Inc., Brooklyn. 
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TABLE 1 


WEIGHT GAIN OF INFANTS RECEIVING TERRAMYCIN 











Wt. group No. of Average days Average days Average wt. 
(gm.) cases of terramycin in nursery gain/day (gm.) 
1000-1250 2 66 78.5 20 
1251-1500 4 56 57 21 
1501-1750 6 38.5 39 19 
1751-2000 12 26 a5 20 
2001-2250 16 18.5 19 16 
2251-2500 17 10.5 11 5 





known sensitivity figure for the test organism. Terramycin levels were not demonstrable 
in 2 of 20 such cases checked. Where levels were demonstrable they were measured as 
ranging between 0.45 and 9 wg./cc. Many of the blood levels were within the thera- 
peutic range. Blood for these determinations was collected at irregular intervals after the 
initial administration of the antibiotic, and varied from one day to six weeks. There was 
little correlation between the height of the blood level and the number of days of treat- 
ment. 


TABLE 2 


WEIGHT GAIN OF CONTROL INFANTS 








Wt. group No. of Average days Average wt. 





(gm.) cases in nursery gain/day (gm.) 
1000-1250 1 85 20 
1251-1500 1 51 20 
1501-1750 4 41 17 
1751-2000 9 29 20 
2001-2250 17 18.5 15 
2251-2500 24 


13 4 





Throat cultures obtained from the same group of 20 treated infants showed a pre- 
dominance of an haemolytic strain of Staph. albus, which did not produce coagulase. The 
population of this organism increased with the number of days of treatment. A few of 
the infants who received terramycin showed members of the Proteus group emerging as 
the predominant organism. Generally, there was some inhibition of other throat organ- 
isms, but this inhibition seldom became great enough to throw the flora far enough out of 
normal balance to cause undue alarm. Toxigenic gamma streptococci were frequently 
demonstrated. 

Throat cultures were obtained from a similar number of control infants. The pre- 
dominant organisms isolated were usually members of the coliform group, and toxigenic 
gamma streptococci. 

Because of these findings a smaller quantitative study of eight of the treated cases was 
run. Results of this series were summarized in table 3. They confirm the increase in 
staphylococci in the throats of the treated infants which had been previously noted. 

Stool cultures from the group of 20 treated infants usually showed the emergence of 
members of the Proteus group in greater than normal numbers. B. alkaligenes ammonia- 
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TABLE 3 


INCIDENCE OF STAPHYLOCOCCUS IN THROAT CULTURES OF 
TREATED SERIES 





| Estimated % of Total Colonies ] Incidence of Staph. on 
iia | } Stone-Chapman medium 
No. initial throat | after 4 days’ | initial throat | after 4 days’ 
culture | treatment I culture treatment 
1 3 65 + +++ 
2 12 70 om a ig ae 
3 5 45 ee a ae 
4 less than 1% 50 | = si a Be 
5 3 45 | - 5 ae 
6 2 80 | + ++4++ 
7 less than 1% 75 + | ++++ 
+ 


8 less than 1% 60 +++ 
genes was frequently isolated in greater than normal numbers. A few of the infants who 
had been on the antibiotic for long periods of time showed what appeared to be an in- 
crease in Staph. albus population. Organisms of the Coliform group, fecal streptococci, 
clostridia and anaerobic gram-negative bacilli (Coccobacillus praecutus and Bacteroides ) 
were usually inhibited, but were still present. 

Stool cultures from the similar group of controls showed the same organisms, but with 
populations nearer to “normal,” i.e., with an aerobic predominance of Coliform organisms 
and an anaerobic predominance of gram-negative bacilli (Bacteroides Sp.) 


TABLE 4 


INCIDENCE OF STAPHYLOCOCCUS IN STOOL CULTURES OF TREATED SERIES 





Initial Stone-Chapman | 4 Days After Starting Treat- 


Case No. Culture | ment Stone-Chapman Culture 


| 


++ 
| coe 
| ph 
Be 


SiGe AS 
++++++4++ 


i?) 





Just as in the case of the throat cultures, eight of the cases were studied by special 
bacteriologic methods to demonstrate the staphylococcal increase quantitatively. Results of 
the study are summarized in table 4. The increase in staphylococci in the stool cultures is 
quite apparent. 

DISCUSSION 


In this study of 57 premature infants who were given prophylactic daily doses of ter- 
ramycin 25 mg. orally, and of 56 control premature infants, there was no significant 
difference in weight gain between the two groups. Although no significant clinical dif- 
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ference between controls and treated cases was demonstrated, it is thought that the 
change in throat and stool bacterial flora, though slight, is sufficient to cause some concern. 
Staphylococci should not predominate in the throats of premature infants, but was found 
to do so in the throats of many of the premature infants who received prophylactic ter- 
ramycin. However, it must be remembered that most of the staphylococci involved were 
coagulase-negative and therefore presumably harmless. In other studies of the use of 
terramycin in puerperal morbidity® it was noted that staphylococci, both coagulase-positive 
and negative, frequently emerge as the predominant organism in vaginal-cervical cultures, 
and that they seldom cause infection. In the same study are several cases of breast abscess 
due to coagulase-positive staphylococci which have responded well to terramycin. 

Jackson et al.,° in a recent report of a study of the treatment of pneumonia in adults 
with terramycin, found a similar phenomenon. They reported a replacement of the flora 
of the sputum by staphylococci in many cases, as well as the replacement of the fecal 
flora with pathogenic staphylococci in patients with terramycin-induced diarrhea. It is felt 
that, at least until such time as is required to determine what effect, if any, terramycin 
has on the pathogenicity of staphylococci, this antibiotic should not be routinely used in 
premature infants. Its use for proper therapeutic indications is, nevertheless, strongly 
recommended. 


SUMMARY 


In a study of 57 treated premature infants and 56 control prematures, the daily adminis- 
tration of terramycin 25 mg. in the formula failed to alter the rate of weight gain. 
Changes in the bacterial flora of throat and stool as a result of the terramycin adminis- 
tration were studied and their possible implications discussed. 
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SPANISH ABSTRACT 


Estudios Sobre la Terramicina en Nifitios Prematuros 


El crecimiento mds rapido en animales pequefios con la administracién de vitamina B12 indujo a 
estudiar el efecto de ésta en prematuros y recién nacidos, sin observarse ningun resultado. La ad- 
ministracién de antibidticos a dosis pequefias para estimular el crecimiento también en animales 
dando resultados satisfactorios, asimismo indujo a hacerlo en lJactantes y prematuros; por ejemplo, 
Perrini observé6 mayor aumento de peso en algunos prematuros a quienes administré aureomicina. 
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El presente estudio empleé la terramicina a raz6n de 25 mgrs. por dia, administrada por via oral 
en una sola dosis durante un periodo indeterminado, a 57 prematuros, comparados a otro grupo de 56 
prematuros que no la recibieron. 

El autor no encontré influencia favorable de la terramicina para mayor aumento de peso en los 
nifios del primer grupo que en los que sirvieron de control. Sin embargo; observé cambios en Ia flora 
bacteriana de la faringe y del intestino; los cultivos faringeos mostraron aumento del Staphylococcus 
albus y aparicién de miembros del grupo Proteus en los prematuros con terramicina, hechos no vistos 
en los nifios control. Igual fenédmeno se presenté en los cultivos de materias fecales. Otros gérmenes 
aparecieron durante el curso del estudio o aumentaron arriba de las cifras consideradas normales en 
los nifios que recibieron terramicina. 

El autor piensa que los cambios bacterianos observados en la garganta y en el intestino, aunque 
discretos, constituyen motivo de preocupacién y vigilancia de los nifios prematuros al emplearse la 
terramicina como profilactico. Sin embargo, recomienda el antibiético ampliamente para la terapéutica 
de casos adecuados. 


601 Boyd Building 




















POLIOCIDAL ACTIVITY OF SOME COMMON ANTISEPTICS 
WITH SPECIAL REFERENCE TO LOCALIZED PARALYSIS 


By HAROLD K. FABER, M.D., AND LUTHER DONG 
San Francisco 


T IS now well established that in some instances, fortunately rare, poliomyelitis follows 
certain traumatic procedures, notably tonsillectomy’~* and immunizing injections,*-*° 
and that in these the site of the initial paralysis often corresponds with the site of trauma 
(‘“‘localized,” or segmental paralysis). In such cases the interval between the penetrating 
injury and the onset of symptoms (see chart 1) agrees as a rule quite closely with the 
ordinary incubation period of the disease, 4 to 21 days.11-18 In only rare instances is it 
less than the lower limit of the latter. These observations, to which may be added those 
reported by Leake?® in 1935 on segmental paralysis following injections of a poliomyelitis 
vaccine, presumably incompletely inactivated, strongly suggest introduction of the virus 
at the time and site of trauma, either from local contamination of the surfaces or from 
contamination of the instrument or needle or vial stopper but probably not, in the case 
of injections, of the material itself. Instances in which the interval has been less than 
four days are very exceptional and only in these may one postulate that the patient has 
already become infected at the time of trauma and that the latter then tends to localize 
pre-existing infection. 

Segmental paralysis resulting from infection of peripheral nerves was first demonstrated 
in 1909 by Landsteiner and Levaditi?® and has been repeatedly confirmed. In a paper?" 
presented to this Society two years ago experimental production of post-tonsillectomy 
segmental (bulbar) paralysis was demonstrated by performing the operation on monkeys 
immediately after the tonsillar region had been swabbed with virus; this procedure was 
followed in all of seven monkeys by bulbar paralysis beginning 7 to 10 days later. When, 
on the other hand, animals had been infected, by intracerebral inoculation, three days 
before tonsillectomy, the onset of paralysis (bulbospinal) occurred no longer than two 
days after operation. It was further shown in six monkeys that when 2% tincture of 
iodine was applied one-half minute after the virus and tonsillectomy performed one 
minute after that, all the animals remained well. 

These various data point to the necessity of adequate prophylactic antisepsis and of 
knowing which of the surface antiseptics in common use are effective and which in- 
effective under ordinary working conditions. Unfortunately, most of the available studies 
on antisepsis have been restricted to bacteria. The only extensive study on poliomyelitis 
virus, that of Schultz and Robinson,”* involved two hour exposures to the various anti- 
septics and therefore throws little light on their more immediate effects. In practice, a 
suitable antiseptic must work quickly and with a liberal margin of reliability. In surgical 
work, it can be applied several minutes before incision but in the case of injections, 
practical considerations generally limit the time of preparation to less than one minute. 


From the Department of Pediatrics, Stanford University School of Medicine, San Francisco. 
Read before the Annual Meeting of the American Pediatric Society, Atlantic City, May 8, 1953. 
Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
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INTERVAL BETWEEN EXPOSURE OR PROCEDURE AND ONSET: 
PARALYTIC CASES ONLY. ONSET LESS THAN 30DAYS. 
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CHART 1. Post-tonsillectomy cases: 99 from Aycock,’ 48 from Cunning.’ Single contact cases: 37 
from Casey," 8 from various reports on neonatal poliomyelitis.*-* Postinjection cases: 16 from Mar- 
tin’; 37 from McCloskey® *; 33 from Hill and Knowelden.* 
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TABLE 1 


Virus Activity, Direct CONTROLS 


PDso/inoculum aa 10 ~ 20 33 
Mortality 11/36 8/10 10/10 52/72 
Inocula: 0.03 cc./mouse, intracerebrally. Virus: Lansing (type 2). 

















In the present study, the antiseptics selected were those believed to be most frequently 
used in office and hospital practice in this country: ethyl alcohol, mild (2%) tincture 
of iodine, tincture of merthiolate, tincture of metaphen, tincture of zephiran chloride, 
and hexachlorophene, the last a component of various surgical soaps and lotions.* 

The Armstrong strain of Lansing (type 2) virus was used throughout and all test 
animals were white mice (Strain A, Strong) past the suckling stage. For these animals and 
with the standard inoculum of 0.03 cc., the 10% stock virus suspension was found to 
have a titer of PD; log 3.52, equivalent to 109,000 PD,,/cc. All inoculations were intra- 
cerebral. In addition to the titration of the stock suspension made just before the antiseptic 
tests were begun, individual controls were made for each set of experiments, the results 
of which have been combined in table 1. Minor irregularities were occasionally en- 
countered, as is usual in virus studies with mice, but none of serious degree. 


TABLE 2 


ViRUCIDAL EFFect OF EtHyt ALCOHOL 











Experiment 1 = 3 
Concentration, antiseptic 63% 70% 70% 
Concentration, virus 10,900 10,900 32,800 
PD350/inoculum 33 33 10 


Mortality 5/10 8/10 5/10 








In this and following tables, concentration of antiseptic is expressed in terms of active ingredient; 
concentration of virus in terms of PD50/cc. of original virus-antiseptic mixture; and mortality as number 
of deaths over number of mice inoculated. 


In the experiments, virus suspension was mixed with antiseptic, each in varying pro- 
portions ; after 30 seconds, the mixture was quickly diluted tenfold with saline and within 
10 seconds injected into the brain. This procedure was repeated individually for each test 
animal. Positive infective results were characterized by paralysis invariably followed within 
24 hours by death. The incubation period varied between 3 and 4 weeks. With tincture 
of iodine a form of encephalopathy occasionally occurred which was characterized by 
weakness but not by rapid death. Histologic examination of the brain in all such cases 
failed to reveal lesions suggestive of poliomyelitis. 


* Mild tincture of iodine (U.S.P.) has the following composition: iodine 2%, sodium iodide, 
2.3%, in 46% alcohol. Tincture of merthiolate (thimerosal) contains 0.1 gm. thimerosal, 0.1 gm. 
monoethanolamine, dissolved in 50% alcohol, 10 cc. acetone and water sufficient to make 100 cc. 
Tincture of metaphen (nitromersol) contains 0.5 gm. nitromersol dissolved in a mixture of 10 cc. 
acetone, 40 cc. water and 50 cc. alcohol. Tincture of zephiran chloride (benzalkonium chloride) con- 
tains 0.1% benzalkonium chloride, 50% ethyl alcohol and 10% acetone by volume. Hexachlorophene 
(2,2'-dihydroxy-3,4,6,3’,5’6’-hexachlorophenylmethane) is known commercially also as gamophen®, 
germa-medica®), hex-o-san®, pHisoHex®, and septisol®. 
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TABLE 3 


VIRUCIDAL EFFECT OF TINCTURE OF ZEPHIRAN 








Experiment 1 2 
Concentration, antiseptic 1:1100 1:2000 
Concentration, virus 10,900 36,400 
PDs50/inoculum 33 10 
Mortality 7/10 8/10 





Stock solution: 1:1000 (0.1%) zephiran chloride. 


TABLE 4 


VIRUCIDAL EFFECT OF HEXACHLOROPHENE 








1:100 





Concentration, antiseptic 1:60 
Concentration, virus 15,600 27,300 . 54,700 
P;9/inoculum a3 10 20 


Mortality 0/10 9/10 


Stock solution: 1:50 (2%) hexachlorophene in 70% alcohol. 


The results of the various tests are shown in tables 2 to 8. 

In order to determine whether the antiseptic itself produces local alterations in the 
brain which might block the attachment of virus to nerve cells, and thus obscure inter- 
pretation of the in vitro tests, three sets of controls were made, all with tincture of 
merthiolate in tenfold dilution (1:10,000). In each, 0.03 cc. antiseptic and 0.03 cc. 
virus suspension containing 10 PD. were injected intracerebrally. In the first series, 
antiseptic was followed one half minute later by virus at the same site: 5 of 10 mice 
developed poliomyelitis. In the second series, antiseptic was injected in one side of the 
brain and one half minute later, virus was injected into the other side; 7 of 10 mice 
developed poliomyelitis. In the third series, the virus was immediately followed by an- 


TABLE 5 


VIRUCIDAL EFFECT OF TINCTURE OF METAPHEN 





Concentration, antiseptic 1:225 1:300 1:400 1:400 


Concentration, virus 10,900 36,400 36,400 54,700 
PD;0/inoculum 3.3 10 10 20-33 


Mortality 0/20 1/10 7/10 16/40 





Stock solution: 1:200 (0.5%) on nitromersol (metaphen). 


TABLE 6 


VIRUCIDAL EFFECT OF TINCTURE OF MERTHIOLATE 








Concentration, antiseptic 1:1100 1:1450 1:2000 1:1900 1:2500 


Concentration, virus 10,900 33 ,600 54,500 51,300 65,600 
PD50/inoculum 33 130 20 260 30 


Mortality 0/30 0/10 0/10 3/10 3/10 





Stock solution: 1:1000, thimerosal (merthiolate) 
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TABLE 7 


VIRUCIDAL EFFECT OF MILD TINCTURE OF IODINE 





Experiment 1 2 3 4 5 6 7 





Concentration, 


antiseptic 1:60 1:75 1:100 1:100 1:125 1:450 1:450 
Concentration, 
virus 10,900- 36,400 27,300 54,700 65 ,600 48 ,400 96 ,900 
15,600 
PD;0/inoculum a8 10 10 20-33 30 130 260 


Mortality 0/40 0/10 0/10 0/40 0/10 0/10 0/10 





Stock solution: 1:50 (2%) iodine. 


tiseptic in the same area; 7 of 10 mice developed poliomyelitis. It is evident from these 
tests that the antiseptic itself had no blocking effect on the brain tissues against infection. 


DISCUSSION 


Adequate preparation of the skin and oropharyngeal mucous membranes for any 
penetrating procedure is always indicated and for this purpose the virucidal as well as the 
bactericidal value of the antiseptic to be employed must be taken into account, always 
in terms of rapidity of action. Against poliomyelitic virus the mild (2%) tincture of 
iodine is vastly superior to any other of the commonly used local antiseptics which we 
have tested. In contrast to the strong (7%) tincture, which the authors do not advocate, 
it rarely causes untoward reactions in the skin or pharyngeal membranes. In this hospital 
it has been extensively used for over a year in the throat preparatory to tonsillectomy, 
without observed deleterious effects. Tincture of merthiolate appears to be a fairly good 
second choice but is distinctly inferior to iodine. Two per cent hexachlorophene and 
tincture of metaphen are much less effective than the first two. Ethyl alcohol and tincture 
of zephiran, both of which are widely employed in office practice, appear to have no 
practical value at all against poliomyelitis virus. 

The potential prophylactic value of even the most active local antiseptics against polio- 
myelitic infection is unquestionably limited. Reference to chart 1 shows that in about 2% 
of tonsillectomies and in a little over 1% of injections associated with localized paralysis, 
the interval between trauma and the onset of symptoms was so short as to indicate that 
active infection was already well established at the time of the given procedure. Under 


TABLE 8 


COMPARATIVE VIRUCIDAL VALUES OF ANTISEPTICS TESTED 














Index* 
Tincture of iodine (2%) > 890.1 
Tincture of merthiolate 48.5 
Hexachlorphane, 2% alcoholic 18.7 
Tincture of metaphen (0.5%) 12.3 
Tincture of zephiran (0.1%) 0 
Ethyl alcohol (63-70%) 0 





* Maximum dilution of stock (times diluted) at which no mouse deaths occurred, multiplied by cor- 
responding concentration of virus (PDs50/cc.), divided by 1000. 
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such circumstances local antisepsis could not exert any preventive effect. Other circum- 
stances, such, for example, as the presence of virus deep in the tonsillar tissues or skin, 
are conceivable under which it would also be ineffective. It should also be emphatically 
stated that the authors remain opposed to tonsillectomy during periods when polio- 
myelitis is epidemic in the community. The hope is merely that routine use of an adequate 
antiseptic preparatory to tonsillectomy, to other surgical procedures in the mouth and 
pharynx, and to injections may reduce the incidence of localized paralysis. It should be 
noted that 2% tincture of iodine, which the authors regard as the antiseptic of choice, 
is also an effective bactericide. For injections, they advise application of antiseptic to the 
stopper of the container as well as to the skin, and sterilization of syringes and needles 
by heat rather than by chemical disinfection. 

It is hoped that this exploratory study, which has been confined to one kind of virus, 
may encourage further investigation in the virus-antiseptic field, particularly with reference 
to rapidity of action. 

SUMMARY 


Evidence herein presented that poliomyelitis virus may, in rare instances, be introduced 
into the body by penetrating local trauma (tonsillectomy, injections) emphasizes the im- 
portance not only of proper sterilization of instruments, needles and syringes but also 
of preparing the surface to be traumatized with an antiseptic capable of quickly destroying 
poliomyelitis virus, preferably within half a minute. 

Of the local antiseptics tested, mild (2%) tincture of iodine was found to be highly 
effective; tincture of merthiolate moderately so; tincture of metaphen and 2% hexa- 
chlorophene only slightly effective; and ethyl alcohol (70%) and tincture of zephiran, 
ineffective, all within the stated time limit. The mild tincture of iodine is therefore 
recommended for routine use. 

Antiseptic should also be applied to the stopper of the vial before withdrawing ma- 
terial for injection. 

While the preventive prophylactic value of local antisepsis against poliomyelitis is 
undoubtedly limited, its routine use is clearly indicated and might prevent some occur- 
rences of localized paralysis. 
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SPANISH ABSTRACT 


Accié6n Virucida (Poliomielitis) de Algunos Antisépticos Comunes con 
Especial Referencia a Paralisis Localizada 


Es un hecho poco frecuente pero real qué la poliomielitis se presenta después de algunos pro- 
cedimientos traumaticos (amigedalectomia, inmunizaciones), en cuyos casos el sitio de la pardalisis 
inicial a menudo corresponde al del traumatismo; en tales ocasiones el intervalo entre la lesién y la 
aparicién de los sintomas corresponde muy intimamente con el periodo de incubacién ordinaria de la 
enfermedad (4 a 21 dias) y com rareza es menor que el limite inferior; esto sugiere introduccién 
del virus durante y en el sitio del traumatismo, bien sea por contaminacién local de la superficie, del 
instrumento, aguja o jeringa, y no del material mismo. Los casos con un intervalo menor dé 4 dias 
son sumamente raros; sd/o en éstos se puede pensar que el paciente ya estaba infectado al realizarse 
el trauma y que ésta simplemente localizé la infeccién preexistente. Es necesario, por lo tanto, aplicar 
una antisepsia profildctica adecuada, estudiar los antisépticos efectivos para destruir el virus de la 
poliomielitis (de preferencia en 14 minuto) y recalcar la importancia de la esterilizacién correcta de 
todos los instrumentos, agujas, jeringas, que intervienen en un procedimiento determinado. 

EI] presente estudio trata de la accién de diferentes antisépticos: alcohol etilico, tintura de yodo al 
2%, tintura de mertiolato, tintura de metaphen, tintura de cloruro de zefiran y solucién de hexa- 
cloropheno, esta ultima componente de varios jabones y lociones quirirgicos. Se utilizé la variedad 
Armstrong del tipo 2 Lansing en ratas blancas, inyectadas por via intracerebral con indéculo standard 
de 0.03 ml. La suspensién de virus se mezclé con antisépticos en proporciones diversas. Se analizaron 
las posibilidades de que los antisépticos por si mismos produjeran alteraciones locales cerebrales, 
concluyéndose que no tuvieron ningin efecto bloqueador sobre el tejido cerebral para defenderse 
contra la infeccién. 

De los antisépticos locales ensayados, la tintura de yodo al 2% fue la mas efectiva, después la 
tintura de mertiolato, luego la de metafen y de hexacloropheno; el alcohol etilico al 70% y la tintura 
de cloruro de zefiran fueron inefectivos. 

Los autores recomiendan que los antisépticos se apliquen también en los tapones de los frascos 
antes de aspirar el material por inyectarse. 

Reconocen la limitacién del valor profilactico de los antisépticos locales en contra de la polio- 
mielitis, pero los recomiendan en uso rutinario para evitar asi sean sélo algunos casos de paralisis 
localizadas. 
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DIAGNOSIS AND TREATMENT OF PATENT 
DUCTUS ARTERIOSUS IN INFANCY 


By PAuL ADAMS, JR., M.D., Forrest H. ADAMS, M.D.,* RicHARD L. Varco, M.D., 
J. FRANcIs DAMMANN, JR., M.D., AND WILLIAM H. MULLER, M.D. 
Minneapolis and Los Angeles 


‘HE clinical syndrome of the typical patent ductus arteriosus and its surgical treat- 
ment have been reported by many authors in recent years.'~* The importance of the 
continuous murmur as a necessary diagnostic criterion has been repeatedly stressed. More 
recently, and with the advent of cardiac catheterization and retrograde aortography, 
Adams,° Ziegler,’ Dammann’? and Keith® have stressed that the diagnosis of patent ductus 
arteriosus can and should be made even in the absence of a continuous murmur and that 
surgical closure of the patent ductus may be more strongly indicated in this group than 
in the typical case. These authors have shown that the continuous murmur is usually not 
present in infancy and frequently is not present in older children when cardiac de- 
compensation or severe pulmonary hypertension exists. It is the purpose of this report 
to present the present investigators’ experience with 16 cases of patent ductus arteriosus 
in the infant age group, thus emphasizing the importance of both early diagnosis and early 
surgical correction in certain severe cases. 

The group of patients selected for this report included all patients in whom closure 
of a patent ductus arteriosus was thought to be necessary before the age of 18 months. 
Eleven of the 16 patients were diagnosed and treated at the University of Minnesota 
Hospitals during the years 1947-1952. The remaining five patients were studied and 
operated upon at the Saint Johns Hospital, Santa Monica, Calif., by the staff of the Uni- 
versity of California at Los Angeles School of Medicine in 1951-1952. Nine of the 16 
patients were under one year of age and of these, eight did not have the typical continuous 
murmur. Among the seven patients from 12 to 18 months of age all but one had a con- 
tinuous murmur. 


ANALYSIS OF CLINICAL DATA 


Table 1 shows a summary of the important clinical data in the 16 infant patients with 
a patent ductus arteriosus. It can be seen from this table that 11 in this series were females 
and five were males, a fact in accordance with the commonly reported sex incidence. 
Eleven of the patients had severe and repeated attacks of upper respiratory infections 
and/or pneumonia. A history of vomiting and failure to gain weight were also common. 

Physical Examination: On physical examination, 11 of the patients were markedly 
retarded in their growth. With their growth plotted on the Wetzel grid, six infants had 
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a rate of growth equal to the premature auxodrome level, but three infants were below 
the premature auxodrome. Three infants had a precordial bulge. Eleven patients had a 
thrill associated with the murmur and this occurred in the area of the maximum intensity 
of the murmur. 

The pulse rate was above 120 per minute in all 16 of the patients. In 6 of the 7 patients 
in whom observations were recorded, the pulse pressure was over 40 mm.Hg. 

Nine patients (eight under 1 year of age) had only a systolic murmur in four of whom 
the murmur was best heard at the apex; in the other five the murmur was best heard 
over the pulmonary area. Seven patients had the typical continuous murmur best heard 
in the pulmonary area but this was not always constant as the diastolic element would 
disappear occasionally. 

Roentgenographic Examination: Most all of the patients had some or all of the findings 
which have been reported as characteristic of, but not diagnostic of, a patent ductus 
arteriosus. These included increased heart size, increased pulmonary artery segment, in- 
creased root shadows and increased peripheral vascular lung markings. The left atrium 
was enlarged in 8 of the 9 patients in which this examination was recorded. The left 
ventricle was enlarged in 12 of 13 patients and the right ventricle was enlarged in 9 of 
11 patients in which this information was available. 

Electrocardiogram: The ECG showed normal or right axis deviation in every case. 
On unipolar leads 7 of 11 patients studied had evidence of left ventricular hypertrophy. 
Six of the above seven also had evidence of right ventricular hypertrophy, but no patient 
had right ventricular hypertrophy as an isolated finding. 

Physiologic Studies: Right heart catheterization was used to establish the correct 
diagnosis in six of the patients studied at Minnesota, and retrograde aortography was 
used to establish the diagnosis in all five of the patients studied at U.C.L.A. 

Table 2 shows the results of the heart catheterization studies. In all instances, the 
increase in oxygen content between the right ventricle and the pulmonary artery was 
greater than 1.4 vol. %. The catheter was actually passed through the ductus arteriosus 
into the aorta in three instances thus establishing the diagnosis without a doubt.® In all 
patients, the mean pulmonary artery pressure was moderately elevated, the highest being 
51 mm.Hg. 

In all of those patients studied with retrograde aortography, there was an immediate 
appearance of diodrast in the pulmonary arteries as well as in the arch of the aorta. The 
ductus itself was visualized in 2 of the 5 patients. 

Surgery: The same operative approach was used for the infants as has been used for 
older children and adults. The ductus arteriosus in these infants, however, was much 
larger in relation to the size of the aorta than is usually found in older children. In many 
instances it approximated the size of the aorta. 

There were no instances in which a patent ductus arteriosus was not found. There was 
one fatality, however, among the patients studied at U.C.L.A. This patient (S.B.), who 
was in severe cardiac decompensation and was operated upon at the age of 414 months, 
died in cardiac standstill just before the ductus arteriosus was clamped. The ductus was 
almost equal to the aorta in size. In addition an endocardial fibroelastosis of the outflow 
tract of the left ventricle and of the mitral valve was found at postmortem examination. 
The left ventricle measured 12 to 14 mm. in thickness and the right ventricle 5 to 7 mm. 
The left auricle was markedly dilated and somewhat thickened. In one patient from 








TABLE 1 
SumMARY OF CLINICAL DATA ON 16 INFANTS WITH 
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: | 
atient Age | ¢ Wt. “tad 
No. | (mo.) | Sex | (kg.) Symptoms 
Cece: = F | se | Growth retardation 
| 
2. T.M. | 6 | M | 5.6 | Pneumonia with cyanosis 
| | | Growth retardation 
| | | | 
aN. Gy TF | 4.0 Repeated pneumonias 
Growth retardation 
| 
4h.ne | |. FP | 6.7 Vomiting; dyspnea 
| Growth retardation 
| 
5: 5m. | ibs ee 6.2 Vomiting 
| Growth retardation 
} 
| | 
GW: 11 M a Pneumonia once 
A.R.D. once 
| 
7. L.C (ae a 9.7 Frequent A.R.D. 
Growth retardation 
| | | | ss 
8. L.W. | 16 F | 9.0 | Pneumonia twice 
| Growth retardation 
| 
he Te 9.6 Frequent A.R.D. 
Pneumonia once 
Growth retardation 
10. B.N. i et ae 9.8 | Pneumonia twice 
| Frequent A.R.D. 
| Growth retardation 
11. S.B. 17 M 8.5 | Frequent A.R.D. 
| Dyspnea and cyanosis on 
| exercise. 
| Growth retardation 
12. L.¥ 13 F 9.7 | Growth retardation 
Frequent A.R.D. 
13. A.W 143 I 5.2 Growth retardation 
| 
14. S.B. 4} F 5.7. | Dyspnea 
15,: 2. J. 74 I 8.9 Growth retardation 
Dyspnea 
16. I.H. 6 F 5.0 Frequent A.R.D. 


Growth retardation 








Cardiac Findings 





Thrill. Systolic murmur over precor- 
dium, P2: present. 


Systolic murmur. Loudest at apex. 
Slight bulge. 


Thrill. Systolic murmur in pulmonic 
area. 


Systolic murmur at apex. 


Slight bulge. ? thrill 
Systolic murmur at base. 
P; accentuated. 


Thrill. Continuous murmur in pul- 
monic area at times. 


Thrill and continuous murmur in pul- 
monic area 


Systolic murmur in pulmonic area. 
?continuous murmur in pulmonic area. 


Continuous murmur pulmonic area. 


Thrill and continuous murmur in 


pulmonic area. 


Thrill and continuous murmur in 
pulmonic area. 


Slight bulge. 


Continuous murmur in pulmonic area 
mid-diastolic at apex. 
Continuous murmur in 
area. 


pulmonic 


| Systolic murmur in pulmonic area. 


Apical presystolic murmur. Apical 
diastolic murmur. 

Basal systolic murmur 

Pulmonary diastolic murmur 

Apical diastolic murmur 

Basal systolic with ? extension into 
diastole 

Apical _ systolic 
murmur. 


and_ mid-diastolic 





Key to abbreviations: 


P.A.—pulmonary artery 
R.V.—right ventricle 
L.V.—left ventricle 
L.A.—left atrium 


1+—-slightly enlarged above normal 


2+—moderately enlarged above normal 
3+ —markedly enlarged above normal 
--A.D.—axis deviation on standard leads 


-V.H. 
A.R.D. 


ventricular hypertrophy on unipolar leads 
acute respiratory disease 











TABLE 1 
PATENT Ductus ARTERIOSUS REQUIRING SURGERY 




















X-ray Findings ECG Special Studies | Results of Surgery 
2+ enlarged heart N.A.D. Catheterization Good. No murmurs 
2+ P.A. segment L.V.H. 
2+ L.V. ?R.V.H. 
2+ vasc. markings 
2+ enlarged heart N.A.D. Catheterization Good. No murmurs 
2+ P.A. segment No V.H. 
1+ L.A. 
3+ vasc. markings 
2+ L.V. —R.V. 
2+ enlarged heart N.A.D. Catheterization Good. No murmurs 
1+ pulmonary art. No V.H. 
2+ vasc. markings 
1+ left atrium 
2+ L.V. 
3+ enlarged heart N.A.D. (,atheterization Good. Systolic murmur over whole precor- 
2+ P.A. segment dium, probably organic. 
3+ L.A. 
2+ vasc. markings 
3+ L.V. 
2+ enlarged heart N.A.D Catheterization Good. No murmurs 
3+ P.A. segment R.V.H 
2+ vasc. markings L.V.H | 
2+ L.A., L.V. 
3+ R.V. 
3+ enlarged heart N.A.D. Good. No murmurs. Average rate of 
2+ vasc. markings — growth. 
1+ P.A. 
2+ enlarged heart N.A.D. Good. No murmurs 
2+ vasc. markings 
1+ P.A. 
Atelect. right 
3+ enlarged heart N.A.D. Catheterization Good. No murmurs 
1+ P.A. segment Average rate of growth 
1+ L.A. 
2+ L.V. 
3+ vasc. markings 
Normal N.A.D. Good. No murmurs 
No V.H. 
1+ enlarged heart N.A.D. Good. No murmurs. Average rate of growth 
2+ P.A. segment 
2+ vasc. markings 
2+ L.A. 
2+ enlarged heart N.A.D. Good. Hoarse voice. 
2+ P.A. segment Functional systolic murmur 
2+ vasc. markings Average rate of growth 
—L.A. 
1+ L.V. 
Increased size of R.V., N.A.D | Aortogram Good. No murmurs 
L.V., L.A. and P.A. No V.H 
Increased size of R.V., R.A.D | Aortogram Good. Short systolic murmur persists j 
L.V. and P.A. L.V.H. 
R.V.H. 
Increased size of R.V.., R.A.D. | Aortogram Died at surgery. P.D.A. and fibroelastosis 
L.V., L.A. and P.A. R.V.H. | of outflow tract of L.V. at post mortem 
L.V.H. 
Increased size of R.V., R.A.D. Aortogram Good. No murmurs 
L.V. and P.A. R.V.H. 
: ?L.V.H. 
Increased size of R.V., R.A.D. Aortogram Good. No murmurs 
L.V., L.A., aorta and R.V.H. 
P.A. ?L.V.H. 
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TABLE 2 


RESULTS OF CARDIAC CATHERIZATION 








Oxygen content—vol. %* Pressure—mm. Mercury 











Patient PA 
V.C. R.A. R.V. PR BA, R.V. P.A. Me: : 
| | Niean 
ch |. 88 7.9 9.0 ae) sot: — | aoe 
| 89% | 
27M. | 6.9 | 7.1 7.2 | 10.0 | 13.0 | 54/2 | 45/26 38 
| | | 94% | 
| | | 
3. K.N es 4 ta . 60/6 | 55/48 51 
| | | 
4.RR. | 8.3 6.4 = ee ee | 12.0 | 50/7 45/35 40 
| | | aie ae ed 
5. J.A 8.1 6.8 7.3 | 11.0 | 12.4 | 40/0 40/32 38 
98% | 
| | 
8 L.w. | 5.0 CA te et ee 25/18 21 











* Oxygen content in vol. % determined by Van Slyke’s analysis. 
V.C.—vena cava 

R.A.—tight atrium 

R.V.—tright ventricle 

P.A.—pulmonary artery 

F.A.—femoral artery 


Minnesota (L.W.) the condition of the patient at the time of surgery was such that 
only ligation could be performed. 

The postoperative course was relatively uncomplicated and all patients recovered in a 
surprisingly short period of time. The average time of discharge was on the seventh post- 
operative day. 

TABLE 3 


GROWTH AND DEVELOPMENT 


Wetzel Grid | 








Wetzel Grid 











— | Age beter ___| Follow-up |_ paid es 

(mo.) Channel | Auxodrome | (mo.) Channel | Auxodrome 
ho es i i Re sigs ae 
y See | Sl 7 | As 85% 4 As 85% No change 
ce? 2, Sa 7 B; <#2 Prem. 4 As #2 Prem. SI. gain 
4. RR. | 10 Bs <#2 Prem. | — eee a 
7 eS i ee . Se Bee pats 
a i a ee 90% 30 M 50% Marked gain 
"ES RR ee Se — — _ —_ 
8. L.W. 16 | Ar | <#2Prem.| 35 M 50% Marked gain 
9. JH. | ce As 9% | 7 As 90% No change 
Ge a a a 80% | 18 Ay 50% Mod. gain 
aoe 1 8 le 9% | 48 Ai 10% Marked gain 
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Nine patients had no murmur following surgery. Six patients still had a systolic murmur 
which was probably of functional origin but one case had what was thought to be an 
organic murmur. 

Results of Surgery: Only 10 of the 16 patients were closely followed after discharge 
from the hospital. At the time of the preparation of the report, 6 of these 10 had been 
followed less than a year. These six patients were in good health, but had had little or no 
improvement in their rate of growth. All four patients followed longer than one year 
showed a marked gain in growth and had returned to standard or better than standard 
auxodromes as seen in table 3. 

The following case histories were selected as representative samples: 


CasE REPORTS 


Case 2, T.M., a white male, was first seen at the University of Minnesota Hospitals at 8 mo. of age. 

Past History and Present Illness: He was the product of a normal pregnancy and uncomplicated 
delivery. Birth weight was 3.4 kg. There was no cyanosis at birth. He apparently did well except 
for occasional vomiting of orange juice. The weight gain, however, was slow and at 5 mo. of age he 
weighed only 3.6 kg. At 5 mo. of age he became dyspneic and cyanotic and had a runny nose. The 
diagnosis of an enlarged heart and pneumonia was made by the referring physician. He improved 
somewhat on penicillin and oxygen therapy and was referred for further studies to the University 
Hospitals. 

Physical Examination: Weight, 5.6 kg.; length, 65 cm. Channel As and auxodrome 85% (between 
the first and second premature auxodrome) on the Wetzel grid. Pulse was 148/min. Blood pressure 
was 120/60-45 mm.Hg. He appeared small for his age. There was a mild cyanosis of the lips but 
the fingers and toes were pink. The color did not change with crying. There was a minimal left 
precordial bulge. Lungs had occasional fine rales heard at the end of expiration. There was no thrill. 
There was a harsh, loud systolic murmur over the whole precordium, loudest at the apex of the heart. 
No diastolic murmur was heard. The femoral pulses were palpable. 

Roentgenographic Examination: Heart was generally and moderately enlarged. Aorta was normal. 
Pulmonary artery segment was moderately enlarged. Right and left ventricles were enlarged. Root 
shadows and peripheral vascular markings were increased. Left atrium showed slight indentation of 
the barium-filled esophagus. 

Blood Findings: Hgb. 10.9 gm./100 cc.; hematocrit, 33%. RBC 4 million/cmm., ESR mm./hr. 

Electrocardiogram: Normal axis deviation. T: and Ts were peaked. There was a sinus tachycardia 
of 160. No evidence of hypertrophy was seen on the unipolar leads. 

Impression: Several diagnoses were considered, including interatrial septal defect, Eisenmenger’s 
complex, and patent ductus arteriosus. 

Course: A right heart catheterization was performed by Dr. George W. Lund. The following 
values were obtained: 


O, Content O, Saturation Pressure 

in Vol. % in mm.Hg 
Inferior Vena Cava 6.9 50% — 
Right Atrium 7.1 51% —1/—6 
Right Ventricle 7.4 54% 54/2 
Right Ventricle 6.9 50% 
Left Pulmonary Artery 10.0 72% 45/26 
Aorta 13.0 94% 58/26 


Because the catheter was passed several times from the pulmonary artery into the aorta, and the 
oxygen content of the pulmonary artery was greater than that of the right ventricle, the diagnosis of 
patent ductus arteriosus was made. (See Fig. 1.) 

Surgery: A thoracotomy was performed by one of the authors (R.L.V.). A patent ductus arteriosus 
was found, divided and ligated. The first postoperative day the patient had a temperature of 39.1°C. 
but he was afebrile throughout the remaining 9 day postoperative course before discharge. No mur- 
murs were heard. 
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Fic. 1. T.M., Case 2. AP and lateral view showing catheter passing from pulmonary artery through 
patent ductus arteriosus and into aorta and below diaphragm. Enlarged heart, pulmonary artery seg- 
ment and increased pulmonary vascular markings can be noted on 1A. 


Follow-up: The patient was seen in clinic 7 mo. following surgery. He had gained 3.6 kg. and 
12 cm. but this represented no increase in rate of growth as determined on the Wetzel grid. Electro- 
cardiogram was normal. Roentgenograms showed some diminution in heart size. There were some 
patchy densities extending from the right hilum to the right cardiophrenic area thought to represent 
pneumonic areas. Lungs were otherwise considered to be normal. 

Case 11, S.B., white male, was referred to the University Hospitals at the age of 17 mo. 

Past History and Present Illness: This patient was the product of a normal pregnancy. Delivery 
was normal. Birth weight was 3.3 kg. Neonatal period was normal. At 1 mo. of age the patient 
developed pharyngitis and was hospitalized 12 days. Again at 3 mo. of age he had cough, dyspnea, 
fever and vomiting for which he was hospitalized 18 days. An enlarged heart was discovered and a 
heart murmur was heard for the first time. During this hospitalization he was irritable, lethargic and 
ate poorly. At 9 mo. of age the mother noted that he tired easily and that his lips became blue with 
exercise. This was said to be progressive until admission to the University Hospitals for further study. 





Fic. 2. $.B., Case 11. AP and LAO view of typical case, showing enlarged heart, prominence of 
pulmonary artery segment and increased pulmonary vascular markings. 
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Physical Examination: Weight 8.5 kg. Height 78 cm. Wetzel grid channel, Ac, Wetzel grid auxo- 
drome, 90% (between first and second premature auxodromes). Pulse was 130/min. and the blood 
pressure was 104/10 mm.Hg. 

He was an irritable, pale infant who perspired profusely and was acyanotic. There was a suggestive 
precordial bulge. There was a thrill and continuous murmur heard in the pulmonary area. Liver edge 
was palpable at the costal margin. Lungs were clear. 

Roentgenographic Examination: Heart was considerably enlarged with the enlargement pre- 
dominantly of the left ventricle although the right ventricle appeared to participate to some extent. 
Pulmonary artery segment was enlarged. Root shadows and peripheral vascular markings were in- 
creased. (See Fig. 2.) 

Blood Findings: Hgb. 11 gm./100 cc.; RBC 3.7 million/cmm.; hematocrit, 37%. 

Electrocardiogram: Normal axis deviation. Notched P:. 

Impression: Patent ductus arteriosus. 

Surgery: A thoracotomy was performed by one of the authors (R.L.V.). A patent ductus arteriosus 
was found, divided and ligated. Recovery was uneventful and he was discharged on the seventh 
postoperative day. 

Follow-up: He was seen in the outpatient cardiac clinic 4 yr. later at the age of 51/4 yr. He had 
done well since surgery except that he had had a hoarse voice. His height was 119 cm. and weight 
23.6 kg. This placed him in Channel A: on the Wetzel grid and above the 67% or standard auxo- 
drome. Physical examination was negative except for a soft systolic murmur heard over the whole 
precordium thought to be functional in character. Roentgenographic examination showed minimal 
straightening of the left cardiac border; questionable enlargement of the left ventricle, and normal 
pulmonary vascularization. Electrocardiogram was normal. 

Case 16, I.H., a girl, was first seen at the Saint Johns Hospital, Santa Monica, Calif., at 6 mo. 
of age. 

Past History and Present Illness: Mother’s pregnancy and delivery were normal. Patient weighed 
3.0 kg. at birth. For the 1st 3 mo. her course was normal except for rapid respirations noted by the 
family. At the age of 3 mo. she developed bronchitis which cleared slowly with antibiotic therapy, 
except for a persistent cough. Her family also noted that her respiratory rate gradually increased; 
this was particularly marked after eating or crying. Cyanosis was never observed. 

Physical Examination: Weight 6.8 kg. Blood pressure 124/50 mm.Hg. Pulse 150/min. Respiratory 
rate 70/min. She appeared well developed and well nourished. Her color was good. Brachial and 
femoral pulses were bounding in character. There was no bulge of the left chest. Apical impulse was 
felt in the 5th left intercostal space almost in the anterior axillary line. On auscultation there was a 
“confusion” of sounds. Maximal over the base there was a long loud coarse systolic murmur which 
at times seemed to extend into diastole. Tke quality of this murmur was suggestive of the systolic 
phase of the murmur of a patent ductus arteriosus. Along the left sternal border there was a long 
rough low-pitched diastolic murmur. At the apex a mid-diastolic murmur was heard. Pulmonary 
second sound was accentuated and split. Lungs were clear. Liver edge was felt 2 cm. below the right 
costal margin and felt rather firm. 

Roentgenographic Examination: The base of the heart was obscured by a large thymus. Heart size 
was increased with enlargement of both ventricles and some enlargement of the left auricle. Main 
pulmonary artery segment was convex. Peripheral lung fields showed vascular congestion and good 
pulsations were visible. 

Electrocardiogram: Right axis deviation. In the precordial leads the T-wave was diphasic in Vu, 
upright in V2 and diphasic in Vs and Ve. The intrinsicoid deflection of R in V1 was .04 and Vs .03. 

Impression: Probably patent ductus arteriosus, but a ventricular septal defect or an aortic séptal 
defect had to be ruled out. 

Course: Retrograde aortography was performed. Figure 3 shows 3 representative films (2, 3, 5) 
from a series of 8 films taken 1/, sec. apart on such a patient. In the second film of the series the 
subclavian artery and arch of the aorta are opacified. In the third film taken 1/y sec. later the pul- 
monary arteries are visualized. The fifth film of the series shows the diodrast filling the left side of 
the heart. These findings substantiated the diagnosis of patent ductus arteriosus. 

Surgery: A thoractomy was performed by one of the authors (W.H.M.). A patent ductus measur- 
ing 7 to 8 mm. in diameter, which was 34 the size of the aorta, was found, divided and ligated. 
Pressures were taken from the aorta and pulmonary artery prior to and immediately after closure of 
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Fic. 3. Retrograde aortogram, left anterior oblique position. Second film of series shows aortic 
arch beginning to fill. Third film taken 1/4 sec. later shows pulmonary arteries filled. Fifth film 
taken 1 sec. later shows dye returned to left side of heart. 


the ductus. Pressure before closure in the aorta was 113/65, and 107/70 mm.Hg after closure. Pres- 
sure obtained from the pulmonary artery was 70/50 mm.Hg before and 68/47 following closure of 
the ductus. Postoperative course was uneventful and she was discharged from the hospital 10 days 
after surgery. 

Follow-up: She was seen 8 mo. after surgery at the age of 14 mo. Weight was 10.1 kg., height 
was 78 cm. Respiratory rate was normal. She was fully active, and showed no ease of fatigue. A 
short, groaning faint systolic murmur was heard over the base of the heart but this was thought to 
be functional. Roentgenograms showed some decrease in heart size and normal vascular markings. 


DisCUSSION 

The importance of a patent ductus arteriosus in infancy has been stressed by some 
investigators. Abbott® reported 20 deaths during infancy among a total of 92 patients 
with uncomplicated patent ductus arteriosus, an incidence of approximately 25%. The 
Minnesota Department of Health Report on Maternal and Infant Mortality for the year 
1950 lists’? patent ductus arteriosus in the first year of life as the cause of death in 11 of 
144 deaths due to congenital heart disease. Review of the records of the Department of 
Pediatrics, University of Minnesota Hospitals, revealed three patients who died because 
of a large patent ductus arteriosus. The first patient, a 26 day old girl, developed a 
systolic murmur on the seventeenth day. A rapid pulse rate, a large heart and progressive 
cardiac decompensation with terminal cyanosis were the outstanding clinical features. 
Autopsy revealed a patent ductus arteriosus 9 mm. in diameter, and pulmonary edema 
with atelectasis. The remaining two patients died at the age of 2 and 4 days, respectively. 
In both instances the patent ductus arteriosus approximated the aorta in size. The authors 
are of the opinion that similar cases probably exist. However, the tendency on the part 
of pathologists to consider patency of the ductus arteriosus in a small infant a normal 
finding no matter what the size of the ductus might be makes such cases difficult to find 
in reviewing pathology records. 

This group of patients emphasized the difficulty which certain patients with patent 
ductus arteriosus have in early infancy and the favorable effect of surgery on such pa- 
tients. As determined in a previous study,?? which included patients of all ages, the effect 
of surgery on growth is quite variable and unpredictable. Some patients have marked 
gains in the rate of growth and others do not. However, all patients in this series fol- 
lowed for 11/4 years or longer had regained normal growth curves. This suggests that early 
treatment may be an important factor. 
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Part of the increased rate of growth perhaps is due to the decreased congestion of the 
lungs which in turn makes them less susceptible to infection. On the other hand, failure 
to experience improved growth may be due to one of two factors: (1) constitutional 
growth impairment; (2) persistent cardiovascular pathology—(a) cardiac anomalies; 
(b) pulmonary sclerosis secondary to pulmonary hypertension. Studies are in progress 
at present to determine the relationship and the significance of the pulmonary vascular 
changes in these and similar patients. 

In those infants that did not have the characteristic physical findings of a continuous 
machinery murmur, either cardiac catheterization or retrograde aortography were necessary 
to confirm the diagnosis. Although both procedures are accompanied by some risk, and 
are ordinarily more commonly performed in older patients, both can be done safely 
and successfully in small infants. Such studies are indicated in those infants and young 
children who have symptoms and findings of cardiac difficulty (cardiomegaly, dyspnea, 
murmur, and marked growth failure) and in whom the diagnosis is not obvious after 
using the routine methods of examination. 


SUMMARY 


A large patent ductus arteriosus can produce obvious cardiac difficulty and death in 
infancy. The diagnosis of a patent ductus arteriosus in infancy can be difficult in the 
absence of a continuous murmur. In such instances special studies such as cardiac 
catheterization or retrograde aortography should be performed to establish the diagnosis. 

Surgical closure of the patent ductus arteriosus can and should be performed in those 
infants with symptoms and findings of cardiac difficulty—dyspnea, cardiomegaly, murmur, 
and marked growth failure. 

Data have been presented on 16 infants with patent ductus arteriosus in whom surgical 
closure of the patent ductus arteriosus was deemed necessary before 18 months of age. 

Of the 16 infants, one died during surgery (6% mortality rate) and the remaining 
showed marked improvement following surgery. Postoperative rate of growth was variable 
in patients followed one year or less, consistently improved in those followed 114 years 
or more. 
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SPANISH ABSTRACT 


Diagnéstico y Tratamiento de la Persistencia del 
Conducto Arteriovenoso en la Infancia 


El soplo tipico continuo de la persistencia del conducto arteriovenoso puede no escucharse en 
nifios mayores y en adultos con hipertensién pulmonar e insuficiencia cardiaca y ain puede faltar 
también en un gran porcentaje de nifios menores de un afio de edad. Este articulo sefiala el cuadro 
clinico de casos severos con esta anomalia y recalca que el diagnéstico temprano y la correccién 
quirirgica son posibles y deseables en tales ocasiones. Se presentan 16 nifios menores de 18 meses 
de edad tratados quirirgicamente; 11 de ellos padecian frecuentes infecciones de las vias respiratorias 
y/o neumonias, no aumentaban de peso y presentaban retardo en su desarrollo fisico. El soplo era 
sistélico en 11 nifios menores de un afio, sin el caracter tipico de continuidad encontrada en la per- 
sistencia del conducto arteriovenoso; en 4 de ellos era mds intenso en la punta y en el resto en el foco 
pulmonar. 6 de 7 nifios entre 12 y 18 meses de edad presentaban soplo tipico continuo en el area 
pulmonar. 

El estudio radiolédgico revelé casi uniformemente cardiomegalia, aumento del tronco pulmonar 
arterial, de las sombras hiliares y de la auricula izquierda. El electrocardiograma mostré eje normal 
o con desviacién a Ja derecha en todos los casos; 7 nifios mostraron hipertrofia ventricular izquierda, 
en 6 de los cuales se asocié hipertrofia ventricular derecha; en ningun caso se encontr6é aisladamente 
hipertrofia ventricular derecha. 

EI cateterismo aértico y la aortografia retré6gada se emplearon para definir el diagnéstico cuando los 
datos clinicos fueron dudosos; en los nifios cateterizados se encontré un aumento en contenido de 
oxigeno de 1.4 volimenes por ciento en Ja arteria pulmonar en relacién a las cifras del ventriculo 
derecho; la presién de la arteria pulmonar se encontré medianamente elevada en todos los pacientes. 

El tratamiento quirirgico did sdlo una muerte, el de un nifio cuya anomalia arteriovenosa se com- 
plicé con fibroelastosis endocardica de la auricula izquierda, del ventriculo izquierdo y de la valvula 
mitral. En todos los casos el conducto era relativamente mayor que en los nifios mayores y de un 
tamafio igual o casi igual al de la aorta. En 6 pacientes persistid el soplo sistdlico después del 
tratamiento quirirgico, soplo que se consideré funcional en todos, excepto en uno de ello. Aunque 
el crecimiento posterior fué variable en los nifios, en 4 pacientes observados por mas de un afio 
habia alcanzado cifras normales. 

Algunos autores sefialan una mortalidad en la infancia para le persistencia del conducto arterio- 
venoso hasta del 25%; en realidad, la importancia como causa de muerte es dificil de establecer ya 
que hay patédlogos que consideran esta anomalia como un hallazgo normal en Ja infancia, independien- 
temente de su tamafio con relacién al de la aorta. 

Como se dijo, el crecimiento rapido de los nifios después del tratamiento quirirgico se establecié 
en tiempo variable, dandose de un afio a afio y medio como plazo para normalizarse el incremento e 
impulso de desarrollo. En los casos que no presentan tal mejoria en el crecimiento, las causas del 
fracaso pueden ser debidas a un factor constitucional, a persistencia de anomalias cardiovasculares 0 
bien a lesiones pulmonares secundarias e hipertensién pulmonar. 

Los autores consideran necesario mds estudios de los pacientes con el cateterismo cardiaco y la 
aortografia retrégrada a fin de establecer el diagnéstico cuando no hay hallazgos fisicos caracteristicos 
de soplo continuo; los recomiendan principalmente en nifios con sintomas y signos de trastornos 
cardiacos (cardiomegalia, disnea, soplos y retardo fisico), asi como en los que no den un diagnéstico 
claro y preciso con los métodos rutinarios de estudio y exploracién. 
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ABSENCE OF THE INFERIOR VENA CAVA 


By DANIEL F. Downine, M.D. 
Philadelphia 


NOMALIES of the inferior vena cava have been reported relatively infrequently. Yet, 

so complex a system of elaborations, absorptions, anastomoses, and disappearances 

as has been presented by the embryologist must lead to frequent departure from the nor- 

mal. The majority of malformations are undoubtedly of little significance, but occasionally 
major variations are encountered which are of practical interest. 

One abnormality which may be of importance to the surgeon and to the cardiac physi- 
ologist is the failure of development of the suprarenal or hepatic portion. This has been 
designated as absence of the inferior vena cava. 

During the past few years two patients with this abnormality have been encountered. 


CasE REPORTS 

Case 1: J. J., a 12 mo. old white male, was born after a full term, uncomplicated pregnancy. His 
immediate family was in good health. Several individuals in the maternal ascendency had congenital 
defects. 

Weight gain and motor development were retarded. Generalized cyanosis had appeared at 2 wk. 
of age and became more intense as time passed. Dyspnea was prominent throughout life. Cardiac 
failure with generalized edema, ascites and pleural effusion developed at 10 mo. 

On physical examiration at the time of admission he was found to be underdeveloped and under- 
nourished. Moderately intense cyanosis of the lips and nail beds and scleral suffusion were present. 
Bilateral carotid pulsations were visible. Bony thorax was asymmetric, L chest being more prominent 
anteriorly than the right. Dyspnea at rest was obvious. Heart was enlarged to percussion. A systolic 
thrill was present in the 2nd and 3rd L interspaces near the sternal border. Cardiac rate was 110/min. 
and there was a normal sinus rhythm. The second sound at the base to the left of the sternum was 
inaudible. A loud, harsh systolic murmur was best heard in the 2nd and 3rd L interspaces near the 
sternal border and was transmitted over the L chest anteriorly and posteriorly. Liver edge was palpable 
3 cm. below the R costal margin. Left testis was undescended. There was a moderate degree of 
clubbing of the digits. Blood pressure in the arms was 110/70 mm.Hg; in the legs, 115/70 mm.Hg. 

Laboratory Data: The erythrocytes numbered 4.1 million/cmm. with Hgb, 13 gm./100 cc. Electro- 
cardiagram showed a nodal rhythm and R ventricular hypertrophy. Films and fluoroscopy showed the 
peripheral pulmonary vascular markings to be diminutive. The supracardiac great vessel shadow was 
widened. In R superior mediastinum was a prominent vascular shadow with a lateral rounded pro- 
jection at its junction with the heart shadow. Right ventricle was enlarged. The other cardiac chambers 
were normal. In L anterior oblique view the aortic shadow projected anteriorly to an abnormal de- 
gree. Main pulmonary artery could not be defined. Stomach was in the RU abdomen (Fig. 1). 

Hospital Course: A diagnosis of the tetralogy of Fallot was made on the clinical and roentgen evi- 
dence. Angiocardiography was performed via an aortography catheter inserted in R saphenous vein. 
A venous channel coursing upward to the diaphragm was opacified. It then veered to the right and 
entered R atrium at its superior aspect (Fig. 2). In the lateral view the last portion of this vessel was 
seen to resemble the azygous vein, although emptying into the atrium rather than the superior vena 
cava (Fig. 3). Cardiac opacification was unsatisfactory. 

Death occurred several days later. At autopsy, the stomach was found to lie on the right and the 
ascending colon on the left. Liver and spleen were both on the right. Tail of the pancreas lay to 
the right. Kidneys were fused at the lower poles. Heart was enlarged, R ventricle being particularly 
prominent. Pulmonary artery was half the diameter of the aorta. A persistent L superior vena cava 
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Fig. 1. PA view of heart, Case 1. 
Fic. 2. PA view of opacified anomalous in- 
ferior cava, Case 1. 
Fic. 3. LOA view of opacified anomalous 
inferior cava, Case 1. 


© 


was present. There was no R superior vena cava. A large thin-walled vessel entered the R atrium at 
the normal position of the superior cava. It arched posteriorly and, veering toward the midline, 
descended through the thorax and abdomen to the pelvis, where it bifurcated into R and L branches 
(Fig. 4). Renal veins joined this channel at the usual level. Hepatic veins converged to form a 
single vessel which emptied into R atrium at the normal site of the inferior vena cava orifice. 

On opening the somewhat dilated R atrium it was found that the foramen ovale was patent 1.5 
cm. Right ventricular myocardium was hypertrophied. Medial cusp of the tricuspid valve was ad- 
herent to the interventricular septum for one-half its length. Chordae were shortened and thickened. 
A short distance proximal to the pulmonary valve was an area of severe stenosis measuring 4 mm. 
in length. In the membranous portion of the interventricular septum was a defect measuring 2 cm. 
in diameter. The aortic orifice overrode the remnant of the ventricular septum, the vessel taking two 
thirds of its origin from R ventricle. 
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Fig. 4. Drawing from cadaver with same malformation. Illustrates general anatomic situation. 
Generously furnished by Dr. Raymond Truex. : 


On opening L side of the heart, the pulmonary veins were seen to terminate in the normal fashion. 
The persistent L superior vena cava emptied directly into L atrium, as did the cornorary sinus. The 
capacity of L ventricle was estimated to be approximately one-fourth that of R. 

Case 2: R. S., a 54 yr. old white male, was born after a 7'4 mo. uneventful pregnancy. Family 
health was excellent. Growth and development were normal. A diagnosis of congenital heart disease 
was made at 214 yr. when a murmur was discovered. Shortly thereafter, cyanosis of the lips and nail 
beds was noted and it appeared to gradually increase in degree. Exercise intolerance and shortness of 
breath existed from the time of ambulation. 

On physical examination the child was found to be formally developed and well nourished. There 
was moderate cyanosis of the lips and nail beds and pronounced scleral suffusion. Left anterior thorax 
was more prominent than the right. Heart was slightly enlarged to percussion. A systolic thrill was 
palpable in the 3rd L interspace, as well as a distinct shock. Cardiac rate was 90/min. There was 
a normal sinus rhythm. The second sound at the base to the left of the sternum was accentuated. A 
loud, harsh systolic murmur was audible in the 3rd L interspace near the sternal border and could 
be clearly heard over the entire L chest, anteriorly and posteriorly, and over the L neck vessels. Liver 
was not enlarged. There was minimal clubbing of the digits. Blood pressure in the arms was 
90/60 mm.Hg; in the legs, 108/60 mm.Hg. 

Laboratory Data: The erythrocytes numbered 5.7 million/cmm., with Hgb. 16 gm./100 cc. The 
electrocardiogram showed R ventricular hypertrophy and first degree heart block. Films and fluoros- 
copy were interpreted as showing prominent pulmonary vascular markings. The main pulmonary 
artery and its R and L branches were somewhat dilated, with increased pulsations. Heart was en- 
larged in transverse diameter, with elevation and rounding of the apex. A rounded soft tissue shadow 
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Fic. 5. PA view of heart, Case 2. 

Fic. 6. Catheter coursing via persistent left 
superior vena cava through RA and into anom- 
alous IVC. 

Fic. 7. Opacification of anomalous IVC. 


projected to the right in the region of the junction of the superior vena cava and R atrium. Right 
ventricle was seen to be enlarged in R anterior oblique view (Fig. 5). 

Hospital Course: On the basis of the data enumerated above, a diagnosis of high interventricular 
septal defect with bidirectional shunt was made. Cardiac catheterization was performed via a L 
anticubital vein. The catheter entered R atrium via a persistent L superior vena cava. It coursed 
upward in this chamber and then entered a vessel which lay posterior to the heart and originated 
below the diaphragm (Fig. 6). Right ventricle was entered later. In spite of prolonged manipulation 
the pulmonary artery could not be reached. On one occasion the catheter tip passed below the 
diaphragm and entered the liver shadow. The data secured appear in table 1. 
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TABLE 1 


Carpiac CATHETERIZATION DATA IN CASE 2 











Site Pressure Oxygen 

(mm. Hg) (Vol. %) 
LSVC 15.9 
Abnormal vessel, proximal 15.1 
Abnormal vessel, below diaphragm : 15.2 
RA high 13.9 
RA mid (0) 14.8 
RA mid 14.9 
RV apex 60-70/4-8 1 ge | 
Hepatic vein 12.4 





LSVC—left superior vena cava 
RA—right atrium 
RV—right ventricle 


An anomaly similar to that in Case 1 was suspected and, at a later date, an aortography catheter 
was introduced into R saphenous vein. Through it 70% diodrast® 12 cc. were injected. Films 
demonstrated the same anatomic situation existing in Case 1. (See Fig. 7.) 


DiIscuUssION 

These two patients furnish examples of a condition which heretofore has been diag- 
nosed only by postmortem dissection. 

The associated vascular anomalies are of interest. In both, the hepatic veins entered the 
right atrium directly. In both there was also present a persistent left superior vena cava. 
In one it emptied into the left atrium as did the coronary sinus. In the majority of indi- 
viduals, a persistent left superior vena cava terminates in the coronary sinus, which nor- 
mally empties into the right atrium. In one patient the right superior vena cava was shown 
to be absent. Its presence was demonstrated on the angiocardiogram in the other. 

Case 1 exhibited the pathology of the tetralogy of Fallot with infundibular stenosis, 
and a patent foramen ovale. In addition there was partial situs inversus and other visceral 
anomalies. Case 2 presented evidence of a high interventricular septal defect. Unfortu- 
nately, the pulmonary artery was not catheterized. However, the roentgen evidence of in- 
creased pulmonary blood flow, the accentuation of the second sound at the base to the 
left of the sternum, the right ventricular hypertension and the right-to-left and left-to- 
right shunts are believed to be significant of a defect in the membranous ventricular septum 
with physiologic overriding of the aorta. 


COMMENT 


Absence of the inferior vena cava may be of major importance in a patient with portal 
hypertension in whom a porto-caval anastomosis is being considered. It presents a prob- 
lem, too, to the cardiac physiologist who would, because of circumstances, be forced to 
use the saphenous route for cardiac catheterization. In the two cases detailed above, a 
roentgen sign was present which may be of significant aid in the preoperative diagnosis of 
the malformation. This consists of the appearance of a rounded density in the superior 
mediastinum which projects to the right at the position of the normal junction of superior 
vena cava and right atrium. This shadow represents the dilated, anterior-coursing azygos 
vein as it enters the right atrium or superior vena cava. 
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SUMMARY 


Two patients with absence of the inferior vena cava are presented. Both were shown 
to have associated cardiovascular anomalies. A roentgen sign which may be of diagnostic 
aid is described. 


SPANISH ABSTRACT 
Ausencia de la Vena Cava Inferior 


Las anomalias de la vena cava inferior se han encontrado raramente siendo en la mayoria de las 
veces de poca importancia; en ocasiones pueden ser también de mayor interés clinico. Tal es el caso de 
la ausencia de esta vena. 

El autor presenta dos nifios observados por él, uno de dos meses y el otro de cinco afios y medio 
de edad; ambos presentaron cianosis, el primero desde las dos semanas de vida y el segundo a los dos 
afios y medio, que aumenté progresivamente con la edad. Sefiala las caracteristicas clinicas y de los 
examenes fisico, radiolégico, de laboratorio y angiocardiografico, que mostraron diversas anomalias 
cardiovasculares y viscerales. Asimismo recalca el hecho de presentarse en los dos pacientes un signo 
radiolédgico que considera interesante en el diagndéstico preoperatorio de esta malformacién; consiste 
en la presencia de una sombra redcnda en el mediastino superior, que se proyecta a la derecha en 
la unién de la vena cava superior a Ja auricula derecha y que se debe a la vena azigos dilatada al 
penetrar en cualquiera de las dos. 
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RELATIONSHIP BETWEEN THE HEMOGRAM OF THE 
INFANT AND THAT OF THE MOTHER 
DURING PREGNANCY 


By CaLvin W. WoopruFF, M.D.,* AND EDWIN B. BRIDGEFORTH, A.B. 
> Nashville 


HE studies of Strausst showed that the anemia of severe iron deficiency in pregnant 

women was associated with the development of nutritional anemia in their offspring 
by the age of one year. Furthermore, the administration of iron during pregnancy would 
prevent the occurrence of this anemia in the infants. Fullerton,? studying a population 
of poorly nourished and moderately anemic pregnant women, found that infants having 
low birth weights were likely to develop anemia but noted no relationship between the 
maternal hemoglobin concentration and anemia in infancy. 

An opportunity to study these factors in an unselected clinic population of pregnant 
women was presented by the Vanderbilt Co-operative Study of Maternal and Infant Nu- 
trition.* This study, which extended from 1945 to 1949, consisted of detailed nutritional 
evaluations of the pregnancies of 2338 consecutive women presenting themselves to the 
Obstetrics Clinic of the Vanderbilt University Hospital for prenatal care, and included 
certain laboratory studies on their infants during the first week of life and on subsequent 
visits to the Well Baby Clinic. In the total study hemoglobin concentration during the 
third trimester of gestationt was obtained for 1964 women, the average being 11.66 
+ 0.03 gm./100 cc., with a standard deviation of 1.34. Changes in average levels over the 
interval of the third trimester were relatively slight. In 1947, based on preliminary tabula- 
tions, levels of third trimester hemoglobin concentration were set up that divided the dis- 
tribution of all women studied into quarters: the lowest quarter had values of 10.7 gm. or 
less; the highest quarter values of 12.7 gm. or more. For the purpose of this study these 
are called the “low hemoglobin” and “high hemoglobin” groups which contained, re- 
spectively, 89 and 93 mothers and their infants. Detailed comparison between these ex- 
tremes in levels in the clinic population would be expected to give more clearcut results 
in comparisons with infant hematology than cursory comparisons including all cases. 
Consequently, for the special study described here, an intensive effort was made to collect 
as complete data as possible on the infants of mothers falling in the low and high hemo- 
globin groups. 

Women receiving iron therapy or transfusions during pregnancy or delivering either 
premature infants or twins were excluded from this study. Heparinized samples of venous 


From the Division of Nutrition and the Departments of Pediatrics and Preventive Medicine, 
Vanderbilt University School of Medicine, Nashville. 

This paper is one of a series reporting the results of the Vanderbilt Co-operative Study of Ma- 
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organization ‘and execution. Financial support from the Tennessee State Department of Health, the 
Nutrition Foundation, the Rockefeller Foundation and the U. S. Public Health Service is gratefully 
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t Defined as the interval from 27 wk.’ gestation until delivery. 
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blood were obtained from the infants at the age of 3 to 6 days and at intervals of 6 
weeks to 3 months thereafter in as many infants as returned to the Well Baby Clinic dur- 
ing the period of this study. Determinations* of the erythrocyte count, hemoglobin con- 
centration and packed cell volume were made. Brief feeding histories were obtained. None 
of the infants received iron medication during the course of the study. The incidence of 
infectious diseases was approximately the same in both groups. Cord clamping practices® 
in this hospital vary, but there was no consistent effort on the part of the obstetric staff 
either to clamp umbilical cords as early as possible of to milk all of the blood from the 
cord. 

The majority of these infants (60%) were breast-fed for at least 6 weeks; 30% for 
more than 6 months. No differences in breast feeding existed between the low and high 


TABLE 1 


TuHirD TRIMESTER MATERNAL HEMOGRAMS OF VANDERBILT STUDY? COMPARED WITH 
Low AND HicH HEMOGLOBIN Groups: VALUES INDICATE 
MEAN+STANDARD ERROR OF MEAN* ° 





Total Group Low Hgb. High Hgb. 











No. of Subjects 
1964 89 93 
Hgb. (gm./100 cc.) 11.66+ .03 9.91+ .08 13.09+ .08 
Erythrocytes X 10° 3.97 + .01 3.74+ .04 4.22+ .05 
Packed cells (%) 38.3. $0.1 31.6 £0.2 38.5 +0.2 
Mean corpuscular volume (y') 89.5 +0.2 86.1 +0.9 91.6 +0.9 
Mean corpuscular hemoglobin (yy) 29.5 +0.1 27.0 +0.4 31.4 +0.3 
Mean corpuscular hemoglobin conc. (%) 33.0 +0.1 31.4 £0.2 34.5 +0.2 





* All of the values for the low and high hemoglobin groups are significantly different from those for 
the total group. The differences between the low and high hemoglobin groups are all statistically signifi- 
cant at a probability level of <.001. 


hemoglobin groups. All the infants in the high hemoglobin group were started on solid 
foods by the age of 6 months while 10% of those in the low hemoglobin group received 
no solid foods during this period. Since no attempt was made to obtain quantitative 
data on food intakes, the effect of this small difference is not interpretable. 

A correlation existed between the maternal third trimester hemoglobin concentration, 
the mean corpuscular volume and mean corpuscular hemoglobin concentration (table 1). 
The women in the low hemoglobin group have both smaller cells and a lower concentra- 
tion of hemoglobin in these cells than the high hemoglobin group and the total group 
of women studied. Although few of the women in the low hemoglobin group could be 
considered as having a definite hypochromic, microcytic anemia, the small but highly sig- 
nificant differences found would suggest that this group was less well supplied with iron. 

The essential findings of this study are summarized in table 2. Inspection of chart 1 
demonstrates the close parallelism of hemoglobin values between the infants of high and 
low hemoglobin mothers. Only when the values for 17 to 20 weeks were pooled did the 
differences in hemoglobin concentration and packed cell volume become statistically sig- 
nificant. For hemoglobin concentration the difference was 0.46 + 0.23 (Pr. < .05), and 
for packed cell volume it was 1.7 + 0.5 (Pr. < .01). No differences in mean corpuscular 
volume were found at this age. Guest® has noted that changes in the mean corpuscular 
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TABLE 2 
MEANS AND STANDARD Errors OF INFANT HEMOGRAMS 
| GB. RBC PCV MCV MCH MHCH No.of 
A | gm./100 cc. x10®/xmm‘ % Bs YY % Cases 
Age 
Low Hgb. tied (89 eer 
3-6 days} 18.15+.25 ! 5.28+ .08 54.2+0.9 | 103.2+1.4 | 34.340.5 | 33.5+0.2 56 
4-8 wk.| 11.73+4.19 | 3.75+.06 | 33.940.5 | 90.94+1.3 | 31.340.4 | 34.640.3 46 
9-12 wk.| 11.20+.41 | 3.82+.12 | 33.5+0.8 | 89.5+1.9 | 30.341.2 | 34.0+0.5 8 
13-16 wk. | 11.45+.38 | 3.964 .20 | 35.941.1 | 91.343.4 | 28.841.2 | 31.940.6 7 
17-18 wk. | 11.95+.19 | 4.42+ .12 | 35.040.4 | 80.441.5 | 27.5+0.5 | 34.340.4 24 
19-20 wk. | 11.78+.21 | 4.39+.16 | 34.54+0.6 | 80.5+1.8 | 26.6+1.0 | 33.9+0.4 18 
21-30 wk. | 11.70+.16 | 4.47+.08 | 35.8+0.3 | 80.34+1.4 | 26. 1+0.2 | 32.9+0.3 32 
31-60 wk. | 11.494 .25 | 4.51+.11 | 35.0+0.6 | 79.7+1.6 | | 26.7+0.7 | 33.1+0.5 | 28 
| High vastil Group (93 Infants) 
co iage ast eS Fr sees Fares, 
3-6 days| 18.78+.30 | 5.334 .09 | 57.44+1.1 | 106.641.9 | 35.1+0.7 | 33.340.2 | 42 
4-8 wk.| 12.26+.24 | 3.74+.07 | 34.6+0. 5| 92. 0+1.4 | 32.4+0.6 | 35.1+0.4 36 
9-12 wk. | 11.34+.26 | 4.08+.20 | 33.4+0.7 | 83.7+3.1 | 28.9+1.3 | 33.9+0.4 9 
13-16 wk. | 11.36+.21 | 3.95+.14 | 32.840.5 | 82.642.4 | 20:4 20.7.1 36.1205.) Ti 
17-18 wk | 12.414 .26 | 4.64+ .09 36.4+0.5 79.641.1 | 27.140.5 | 34.440.4| 26 
19-20 wk. | 12.234 .22 | 4.374.11 | 36.640.8 | 84.7+42.1 | 28.2+0.7 | 33.2+40.5 | 48 
21-30 wk. | 11. 62+.22 | 4.61+.11 | 35.8+0.6 | 79.7+1.8 | 25.4+0.6 32.6+0.3 30 
31-60 wk. | 11.204 .39 | 4.65+.15 | 34.8+0.8 | 77.0+1.4 | 24.5+0.8 | 32.3+0.4 | 20 
; ei Se es bs eee rei x 
INFANT HEMOGLOBIN DETERMINATIONS 
207 
Xe---x High Hemoglobin Group 
e—e Low Hemoglobin Group 
x 
eA) 
= 
oO 
2 
o 
“a 
0) 
i.e) 
= 
WwW 
= 
SSSI TSS ss sssscsscc cece emomese, | 
10 T qT .. T 1 t 1 ' T 1 
0 5 10 15 20 25 30 35 40 45 50 
AGE IN WEEKS 


CHART 1. Hemoglobin concentrations during first year of life of infants born to mothers in low and 





high hemoglobin groups. 
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volume often precede the development of nutritional anemia in infancy. Further study of 
this age group for sex, parity and birth weight differences was not revealing. Correlations 
between infant hemoglobin concentration at this age and such measures of maternal nutri- 
tion as serum vitamin C, total serum proteins, protein intake.and iron intake did not re- 
veal any significant relationships. 

The incidence of clinically detectable iron deficiency in both groups of infants was de- 
termined. The hospital and clinic records of all infants in this study having a hernoglobin 
concentration of less than 10.0 gm./100 cc. between the ages of 21 and 60 weeks were 
reviewed. A diagnosis of iron deficiency (hypochromic anemia) could be established in 
8 of the 10 cases. The individual values are given in table 3. Although hypochromia (mean 
corpuscular hemoglobin concentration less than 30) was not present in every instance when 


TABLE 3 


CASES OF ANEMIA OCCURRING IN INFANTs 21 TO 60 WEEKs OLD 





Case Birth Maternal | Infants 




















Sex Age ‘ 
~~ ee Hgb. MCHC| Hgb. MCV MCHC 
| | 

| wk. = gm. gm./100 cc. % | gm./100 o.. gi % 

Roe ae Be fae oe 64 30 

Low Hgb. | 2 M 32 3402 | 9.9 32 7.7 62 26 

Group | 3 M 25 _ 2528 9.7 31 9.0 88 25 

(89 mothers) 4 M 58 3858 10.4 33 9.8 61 29 

Average 41-3184 9.7 32 | 8.6 69 28 

Sa ide Pa a ne 

5 M 32 = 3812 12.9 34 9.2 71 30 

High Hgb. 6 M 29 2510 13.9 Se ie 65 30 

Group 7 M 37 3388 14.2 Ss | 8s 59 29 

(93 mothers) 8 M 35 3033 13.2 34} 7.9 76 28 

Average 33-3186 13.6 34 | 8.8 68 29 











blood was obtained for the purposes of this study, subsequent determinations revealed 
either a definite hypochromia or a much lower hemoglobin concentration which increased 
rapidly following iron therapy. The incidence of anemia in the high hemoglobin group 
was 8.7%; and in the low hemoglobin group 7.7%: a total incidence of 8.2%. The 
anemia was not severe in four of these cases and probably would not have been recog- 
nized if blood studies had not been done. No specific therapy was given and subsequent 
observations failed to detect anemia. 
DiscussION 


It is emphasized that the low hemoglobin mothers constituted the lowest quarter of 
an unselected group and that this group is not comparable to those studied by Strauss" 
having an average hemoglobin concentration at term of 5.3 gm./100 cc. Although the 
low hemoglobin mothers had erythrocytes which were, on the average, smaller and more 
hypochromic than those of the high hemoglobin group, this finding alone cannot be con- 
sidered adequate evidence of iron deficiency. Therefore it seems apparent that, in the 
absence of significant maternal iron deficiency, there is no correlation between maternal 
hemoglobin concentration and the development of hypochromic anemia in infancy. 
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The occurrence of definite hypochromic anemia in 8 out of 98 infants who were studied 
after the age of 20 weeks suggests the frequency with which this deficiency is encountered. 
The fact that these eight infants were all boys is probably not a meaningful finding since 
it is not in accord with general experience. The mean birth weight of these infants 
(3185 + 184 gm.) is slightly less than that of the group as a whole (3450 + 34 gm.) 
but the difference is not statistically significant. The development of iron deficiency anemia 
in this group of infants appears to be the result of postnatal conditions, in all likelihood 
an inadequate dietary intake. 


SUMMARY 


In the absence of maternal iron deficiency, maternal hemoglobin concentration is not 
related to the development of iron deficiency anemia in infancy. 
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SPANISH ABSTRACT 
Relacién del Hemograma del Nifio al de la Madre Embarazada 


La relacién entre la concentracién de la hemoglobina materna y la aparicién de anemia durante 
el primer afio de la vida fué objeto de estudio en un grupo no seleccionado de 1965 embarazos. Se 
comparé un grupo de nifios nacidos de madres cuya concentracién en hemoglobina durante el tercer 
trimestre del embarazo fué de 12.7 gramos o mas por ciento, con otro nacido de madres con con- 
centraciones en hemoglobina de 10.7 gramos o menos por ciento. Aunque éstas ultimas tuvieron 
eritrocitos mas pequefios y menos saturados de hemoglobina que los del primer grupo, tales cambios 
no se tradujeron en deficiencia clinica de hierro. Fueron semejantes tanto las férmulas alimenticias 
como la incidencia de infecciones en ambos grupos de nifios. Se observé en los dos grupos una 
diferencia estadisticamente significativa aunque relativamente pequefia, por lo que se refiere a la 
concentracién en la hemoglobina y al hematocrito a la edad de 17 a 20 semanas; la incidencia de 
anemia hipocrémica fué igual en ambos. En ausencia de deficiencia materna en hierro, la concentracién 
materna en hemoglobina no tiene relacién con el desarrollo de anemia nutricional en la infancia. 


Vanderbilt University School of Medicine 














SPECIAL ARTICLE 


AMERICAN BOARD OF PEDIATRICS 


The written examination of Jan. 16, 1953, was taken by 607 candidates, a number larger 
by 30% than on any previous occasion. Grades ranged from a lowest mark of 28.4 to a 
highest mark of 86.8. After inspection of the range the decision was reached to select 50 
as the minimum grade consistent with successful completion of the test. On this basis there 
were 46 or 7.6% who failed and were therefore considered ineligible for the oral exam- 
ination. 

The distribution of the grades earned by the 607 candidates is presented in the diagram. 
As an aid to visual assessment of the meaning of the distribution a normal frequency curve, 
computed from the mean and standard deviation of the data, is included in the diagram. 
Significant is the fact that the objective of the Committee to produce an examination sensi- 
tive in the range of low grades and relatively insensitive in the range of high grades has at 
last been realized with statistical certitude. An examination of this type sacrifices accuracy 
in the identification of honor students in order to gain sensitivity in the critical range where 
a decision must be made regarding those who have passed and those who have failed. In 
statistical terminology grade distributions of this type are designated as ‘‘skewed,’’ that is, 
they deviate from the normal or symmetrical distribution about a mean or average grade. 
Comparison of observed grade frequencies with theoretic frequencies based on the assump- 
tion of a normal distribution discloses that the odds are less than one in 10 thousand that the 
observed deviations from normality could have resulted from chance alone. 

Further statistical information was gained from a study of the grades of 329 candidates 
who by July 15 had taken the oral examination. Of these candidates, all of whom had 
passed the written examination (grade 50 or above), 297 passed the oral examination and 
were certified ; 32 failed and were not certified. The failure rate was 9.7%. The figures can 
appropriately be compared with those for 1952 when all candidates regardless of their 
grades on the written examination were admitted to the oral examination. Randomly se- 
lected data for 1952 show that among 284 candidates who took the written test, 238 passed 
and 46 failed the oral examination. The failure rate was 16.2%. The elimination of 7.6% 
of the candidates on the basis of performance in the written examination therefore ap- 
pears to have been justifiable. 

As in previous years the reliability of the examination has been assessed by comparing 
the grade made by each candidate on his odd-numbered questions with that recorded from 
his even-numbered questions. The comparison reveals a “probable error of estimate” 
(P.E.,,) of 2.51, a smaller figure and therefore a higher degree of reliability than achieved 
by any previous examination. The degree of improvement is indicated in the following 
table: 

Comparative Data on P.E.,, 


1951 1952 1953 
3.33 2.78 2.51 


Many letters have been received from candidates and from others regarding the fairness 
of the 1953 written examination. Although most candidates completed the examination 
comfortably in the three hour period allowed, the most frequently recurring complaint was 
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that the test was too long. The 1953 examination consisted of 178 items which furnished 
250 grading points. The examination to be given in January 1954 has been shortened to 
contain 166 items which will furnish 200 grading points. The decrease in grading points 
results in part from the smaller number of items and in part from a change in the weighting 
assigned to certain types of items. Other changes have been made in methods of scoring. 
It is hoped that the changes will compensate for the decrease in reliability to be expected 
from diminishing the number of items and grading points. 

A few additional comments should be of help to the candidate who will take this exam- 
ination on Jan. 15, 1954. 

The first 100 items are of the type commonly called ‘multiple-choice questions.’ The 
items may be in the form of incomplete statements followed by five suggested completions 
from which the candidate must select the most appropriate completion. Or, they may be 
written as direct questions followed by five suggested answers from which the candidate 
selects a single most appropriate answer. One grading point will be assigned to each correct 
response. 

Items 101 through 132 will be made up of sentences consisting of two parts: a statement 
and a reason for the statement. The candidate will be given the following instructions. 


AMERICAN BOARD OF PEDIATRICS 
WRITTEN EXAMINATION -JANUARY 16, 1953 


Distribution of Grades-607 Candidates 


407 Ist.QUARTILE 59.2 MEAN 65.2 - 
MEDIAN 66.4 MODE 688 
3rd. QUARTILE 72.4 
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NUMBER OF CANDIDATES ACHIEVING DESIGNATED GRADES 
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30 35 40 45 50 55 60 65 70 75 80 85 
MID-POINT OF EACH GROUPING OF GRADES 


“In the square space to the right of and under each statement mark 

‘A’ if both the statement and reason are true and are related as cause and effect. 

‘B’ if both the statement and reason are true and are not related as cause and effect. 

‘C’ if the statement is true but the reason is false. 

‘D’ if the statement is false but the reason is an accepted fact or principle. 

‘E’ if both the statement and the reason are false.”’ 

In the past candidates have complained that much time is lost in answering this type 
of question because they must re-read the instructions in connection with each question. 
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It is therefore suggested that each candidate provide himself with a “‘key’’ for ready refer- 
ence which, when understood, will obviate the need for re-reading the instructions. A 
simple “key’’ would appear as follows. 


A" + + (related) 
7 + + (not related) 
sy + - 

“Dp” ea - 

“BR” oo “id 


Candidates should take note of an error of logic common during the tension of examina- 
tion. The error relates to ‘‘A’’ items where a candidate chooses the ““B” response because 
he considers that “the reason for the statement” is not the most important reason. An 
example will clarify the point. 

“During early infancy breast feeding is to be preferred to bottle feeding because human 
milk as it issues from the breast is usually sterile.” 

The correct response to the above statement is “A” even though the candidate may think 
there are other reasons more important than sterility in determining the desirability of 
breast feeding. Sterility is one of the reasons why breast feeding is advantageous and there- 
fore statement and reason do have a cause and effect relationship. 

One grading point will be allowed for each correct response to ‘‘statements and reasons.” 
In the examination of 1953 two grading points were allowed for each correct response 
to items of this type. 

Items 133 through 166 will be preceded by the following instructions: 

“There are two responses to be made to each of the following questions. In the rectangu- 
lar space below and at the right of the question enter the letter designating the word or 
phrase in the left hand list which describes a characteristic common to four of the five 
words or phrases in the right hand list. Then, after the letter enter the number designating 
the word or phrase in the right hand list which does not belong in the same category with 
the others. 

“An example will clarify the type of response wanted. 


A. feathers 1. wolf 

B. scales 2. bear 

C. fur 3. fish 
4. cat 
>. 


skunk | C3 | on 


Another example (not appearing in the instructions) will help the candidate understand 
in advance how items of this type can be framed for medical questioning: 


. coarctation of aorta 

. tetralogy of Fallot 

. pulmonary stenosis 

. Eisenmenger complex 

. patent ductus arteriosus 


| | 


A. cyanosis 
B. hypertension 
C. surgical correction 


A Dh WN = 
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Members of the Examinations Committee are fully aware that in preparing compre- 
hensive objective examinations some errors in the form of ambiguities and debatable is- 
sues are inevitable. In the effort to eliminate such errors the examinations have been pre- 
tested by having them taken by half a dozen competent certified pediatricians. Errors dis- 
closed in this way have been corrected. The candidate is asked to be tolerant of those which 
were not discovered. 


THE EXAMINATION COMMITTEE 












Pediatrics 


VOLUME 12 DECEMBER, 1953 NuMBER 6 
















































SPECIAL SECTIONS 


NEWS AND ANNOUNCEMENTS 


AMERICAN TRUDEAU SOCIETY TEACHING-RESIDENT FELLOWSHIPS 


The American Trudeau Society, Medical Section of the National Tuberculosis Association, provides 
a limited number of fellowships to promote the training of clinicians, medical teachers and administra- 
tors in the field of tuberculosis and related pulmonary diseases. The awards are open to citizens of 
the United States for work within this country. Preference is given to candidates not more than 30 
years of age who have the degree of Doctor of Medicine. 

Awards are made for graduate study in internal medicine, with emphasis on diseases of the chest, 
in an approved hospital. Fellows are expected to assume responsibility for the teaching of chest diseases 
to undergraduate medical students. The American Board of Internal Medicine will accept one such 
year as a part of the prerequisite training for certification. 

Stipends are determined by individual circumstances and may vary from $2400 to $3200 per 
annum, paid on a monthly basis. They are made for one year. Not more than 2 renewals will be 
considered. Fellowship applications are considered at meetings of the Committee on Medical Education 
of the American Trudeau Society in October and April or May; to receive consideration at these 
meetings, they must be received by Sept. 1 or April 1. Appointments may begin on any date deter- 
mined by the Board at the convenience of the applicant, who may elect the hospital in which he wishes 
to study and the staff member who will supervise his work. 

Further particulars concerning these fellowships may be cbtained on request. Address communica- 
tions to: Director of Medical Education, American Trudeau Society, c/o Henry Phipps Institute, 
Seventh and Lombard Sts., Philadelphia. 





* * * 

The University of Minnesota will present a continuation course in pediatrics for general physicians 
next Jan. 7 to 9, 1954, at the Center for Continuation Study. Recent advances in the management of 
common pediatric problems will be stressed. Care of the premature infant will be discussed, and the 
therapy of burns will be taken up along with many other topics of general interest. 

x * * 

Applications are now being accepted for the Fellowship in pediatric roentgenology at the Children’s 
Hospital of Cincinnati. The fellowship will be available Jan. 1, 1954, instead of July 1, 1954. Ap- 
plicants are requested to submit a curriculum vitae and 3 letters of recommendation to Dr. Frederic N. 
Silverman, Director, Department of Roentgenology, Children’s Hospital, Cincinnati. 

& * * 

The annual postgraduate pediatric “refresher week’ at Tulane University, Feb. 8-13, 1954, will be 
on the topic ‘Surgery for Infants and Children.” Major emphasis will be given to consideration of 
medical and emotional preparations and after care, choice and conduct of anesthesia, diagnostic pro- 
cedures and recent advances in related fields. Those interested should apply to: Director, Division of 
Graduate Medicine, 1430 Tulane Avenue, New Orleans. Registration, as usual, is limited to 40 quali- 


fied specialists. 
* 
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The following diplomates were certified by the American Board of Pediatrics, Inc.: 


MIAMI—Oct. 9, 10 and 11, 1953 


Ando, Richard Etsuo, 525 E. 68th St., N834, New York City. 

Berglund, Eldon Burdette, 953 Medical Arts Bldg., Minneapolis. 

Birney, Thomas P., 1984 Park Ave., Bridgeport, Conn. 

Block, Bernard, 2514 W. Devon Ave., Chicago. 

Bohan, Kenneth E., 224 N.W. 35th St., Oklahoma City. 

Branch, LeRoy Kilpatrick, U. S. Naval Hospital, Key West, Fla. 

Brock, William Michael, Jackson Hospital and Clinic, Montgomery, Ala. 
Busquets, Antonio R., P. O. Box 1326, Marina, Ponce, P.R. 

Bussman, John Wood, Children’s Clinic, 1440 S$. W. Taylor St., Portland, Ore. 
Cannon, Joe Hamilton, U. S. A. F. Hospital, Maxwell Air Force Base, Ala. 
Caplan, Lester H., 1406 Eutaw Place, Baltimore. 

Carroll, Oree M., 103 South St., Middletown, N.Y. 

Clanton, Benjamin R., Box 591, Longview, Texas 

Cochran, Winston E., 260 Harvard St., Cambridge, Mass. 

Cunningham, Robert Edwin, Jr., 937 Fairview St., Greenville, Miss. * 
Dean, William Berry, 238 W. 10th St., Dallas. 

DeBusk, Franklin L., 24 W. Chase St., Pensacola, Fla. 

Dietrick, Arthur C., 9th Med. Gp., Strategic Air Comd., Mountain Home AFB, Idaho. 
Doucett, James A., 201 S. Union St., Olean, N.Y. 

Edwards, Ray Omer, 1609 Avondale Ave., Jacksonville, Fla. 

Engle, Howard A., 311 Lincoln Rd., Miami Beach, Fla. 

Ewing, George M., 1020 Kapiolani St. at Thomas Sq., Honolulu, T.H. 
Fowler, Robert M., 815 S. Center St., Casper, Wyo. 

Furman, Joseph Earle, 309 E. Coffee St., Greenville, S.C. 

Goldwyn, Arthur, Valley Forge Army Hospital, Phoenixville, Pa. 

Harman, William Elgin, 409 Industrial Loan Bldg., Staunton, Va. 

Hirsch, Joseph Rothchild, 3789 Convention St., Baton Rouge, La. 

Holdredge, Jean Marie, 2514 Biddle Ave., Wyandotte, Mich. 

Hsia, David Yi-Yung, 330 Brookline Ave., Boston. 

Imburg, Jerome, Naval Dispensary, Navy Department, Washington, D.C. 
Jaubert, Francis Leon, Jr., 5116 Locust St., Bellaire, Texas. 

Johnson, Dale Franklin, 1325 Hickory St., Abilene, Texas. 

Joslin, Blackburn S., 5809 Watton Rd., Bethesda, Md. 

Joy, Robert Arthur, 1138 Elm St., Manchester, N.H. 

Julia, Juan Francisco, 160 E. 74th St., New York City. 

Kaplan, Sidney, U.S.A.F. Hospital, Annex “A,’’ Andrews AFB, Washington, D.C. 
Krivit, William, 567th Med. Squad., McChord Air Force Base, Wash. 
Lafferty, John William, 517 Fourth St., N.W., Hickory, N.C. : 
Lambdin, Morris A., 707 Camden Ave., Salisbury, Md. 

Levkoff, Abner H., 42 Gadsden St., Charleston, S.C. 

Manning, James Arthur, Harriet Lane Home, Johns Hopkins Hosp., Baltimore. 
Miller, Benjamin M., 1340 E. 13th St., Brooklyn. 

Neustein, Charles, 7280th Med. Gp., APO 30, c/o PM, New York City. 

Newman, Arthur Jerome, 62nd Med. Gp., Larson AFB, Moses Lake, Wash. 
O'Donnell, Vincent Lane, 5021 Bradley Blvd., Chevy Chase, Md. 

Oleson, Dunlap Wrisley, Sarasota Medical Clinic, Florasota Gardens, Sarasota, Fla. 
Ordway, Nelson Kneeland, 1542 Tulane Ave., New Orleans. 

Penn, Rhesa L., Jr., 706 W. Ohio, Midland, Texas. 

Perry, Ezra B., 900 S. 20th St., Birmingham, Ala. 

Pisacano, John Charles, 24 Delaware Ave., Long Beach, N.Y. 

Post, James Matthew, 5200 Park Ave., Fort Smith, Ark. 

Rappaport, Morris, 87-56 251st St., Bellerose, N.Y. 








692 NEWS AND ANNOUNCEMENTS 


Ried, Hubert Leo, 2638 Oakdale, Houston. 

Riley, Harris DeWitt, Jr., Vanderbilt Univ. Hosp., Nashville, Tenn. 
Rosenberg, Albert Aaron, 53 Sixth St., N.E., Atlanta. 

Roth, Bina, 31-40 Wisconsin Ave., Washington, D.C. 

Rudolph, Abraham Morris, 288 Lexington St., Watertown, Mass. 
Schapiro, Joseph S., 2376 E. 71st St., Chicago. 

Seanor, Harry Eugene, Highland Hall, Rye, N.Y. 

Shumway, Clare N., Jr., Med. Disp., 3rd Marine Aircraft Wing, Marine Corps, Air Station, Miami. 
Sidbury, James Buren, Babies’ Hospital, Wilmington, N.C. 

Silver, Jonas, 201 Linden Blvd., Brooklyn. 

Simon, Henry Gerson, 1520 Louisiana Ave., New Orleans. 

Smith, Francis Michael, Children’s Clinic, Thibodaux, La. 

Smith, Stewart Phillip, 378 E. View Drive, Chattanooga, Tenn. 

Smith, Thales Haskell, 6629 Pennington Rd., Norfolk, Va. 

Stewart, Roddie L., 2167 Highland Ave., Birmingham, Ala. 

Strain, James Robert, Johns Hopkins Sch. of Hygiene, Dept. of Maternal and Child Health, Baltimore. 
Talbot, Milton William, Jr., 811 Main St., Big Spring, Texas. 

Townes, Andrew W., Jr., 721 Magnolia Ave., Orlando, Fla. 

Troendle, Francis John, U. S. Army Hospital, West Point, N.Y. 
Uyeda, Iwao, 30 Fortuna Ave., San Francisco. 

Vaden, Edwin Booth, 304 Young Bldg., Lynchburg, Va. 

Waldo, Frank Bell, 2940 Clairmont Ave., Birmingham, Ala. 

Williams, Kenan Banks, 124 S. Hawthorne Rd., Winston-Salem, N.C. 


The Board announces the following schedules for the coming examinations: 

Written examinations at selected places will be held on Friday, Jan. 15, 1954. This is the only 
written examination which will be given during 1954. 

Oral examinations will be: Indianapolis—Dec. 4, 5 and 6, 1953; Washington, D.C._—Feb. 19, 20 
and 21, 1954; Des Moines—March 19, 20 and 21, 1954; New York City—May 1, 2 and 3, 1954; 
San Francisco—June 25, 26 and 27, 1954; Chicago—Oct. 8, 9 and 10, 1954; New Haven, Conn.— 
December 1954. 

* * te 

Dr. Lawrence M. Shapiro of New York City died Aug. 26, 1953. He was a Fellow of the Ameri- 
can Academy of Pediatrics. 

* * * 

Dr. David Wolin of Rochester, N.Y., died July 3, 1953. He was an Emeritus Fellow of the 
American Academy of Pediatrics. 


ERRATUM 


Public Health Service Cooperative Investigation, Chemotherapy of miliary tuberculosis and tuber- 
culous meningitis, PEDIATRICS, vol. 12, July, p. 38, line 23 should read: ‘‘Babies Hospital, New York 
City, Dr. Hattie E. Alexander and Dr. Douglas S$. Damrosch.” 
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